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Plasmid vectors for trans formation of filamentous fungi 

* Description 

5 

The invention relates to novel plasmid vectors for transformation 
of filamentous fungi and to a method of jnodif lying the genome of 
filamentous fungi based on these vectors. The invention further- 
more relates to the modification of a specific gene via the pro- 

10 cess of homologous recombination/ to recombinant expression of 
foreign genes in filamentous fungi and to new markers for detect- 
ing the succesfull transfer of the target gene. 

• » , 

One method currently used for transformation of filamentous fungi 

-15 is random- mutagenesis Based on transposons insertion, a method 
also known for plant transformation (WO 01/38509) . This method 
allows to study the genoms for several species such as Magna- 

* porthe grisea (f or* ebcamples WO 00/55346; WO 00/56902). However,, 
this strategy-requires a big effort in term of bioinf ormatic 

2*0 tools- and' molecular v iiiorogy to localise precisely- the-insertion 
in the genome. 

Alternatively known 'transformation methods are based on targeted 
• -~ r: integratiton r r K Targeted transformation , of fungi can be carried- out 

cassette . with, a. marker-gene . ... ^ Z.. ' 

-logy 23: 68-78 1 Schaefer, 2001, Current Opinion in Plant Biology 
4:' 143^*50) or~by quoting a plasmid with the marker gene in the 
30 neighbourship of ' a* homologous sequence (Shortle et al.,1382," Sci- 
ence 217 : "371-373- Bird and Bradshaw, 1997, Mol Gen Genet- 255: 
219-2257" Feng efal., 2001, Infection and Immunity 69 (3):"" 
" 1781-1794;' Schaefer/ 2001, Current Opinion in Plant Biology 4: 

* 143-150)*- Both procedures are attractive methods to study the 

35 r 'ge±ce function", but' they show also a high frequency of integration 

* at* ectopic sites by '^illegitimate recombination. The gene target- 
" ' ing' efficiency' ( gene" targeting / gene targeting + illegitimate 

recombination) is S'Si for S. cerevisiae, 10-90% for S- pombe, 
5-75% for Aspergillus nidulans and 1-30% for Neuropsora crassa 
40 using a" size of homology of 2-9 Kb (Sehaefer, 2001, Current Opin-* 
ion in Plant 'Biology 4: 143-150). Especially for filamentous fungi 
this side effect is cjuite high, if conventional plasmid vectors 
are used. 

45 Xn addition, the efficiency of the gene targeting increases if 
the length of homologous recombination region is rised (Schaefer, 
2001/ Current Opinion in Plane Biology 4: 143-150) . Thus, plasmid 
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vectors currently used comprise gene fragments of the gene to be 
knocked out of a size of at least 2000bp as indicated above. The 
overall* size of these plasmid vectors is at least SOOObp (P. i7. 
Punt et. al., 1992, Methods in Enzymology, vol. 216, pp 447-457; ; 
5 Schaefer, 2001, Current Opinion in Plant Biology 4: 143-150). 
Since* transformation efficiency is decreasing by increase of the 
plasmid vector size, transformation efficiency is unsatisf actury 
giving rise to long times until positive clones can be identi- 
fied. This is an obstacle especially for large scale genomic 
10 analysis projects or recombinant expression. 

* Furthermore"! currently used plasmid vectors contain many unique 

restriction sites, rising difficulties in construction of the KO- 
'-plasmids 'and* the transformation process. The efficiency of homol- 

* 15 dgous/ recombination--" is ** improved when the KO-plasiaid is digested 

with a restriction enzyme presenting a unique site in the middle 

• — * • of * DNA* fragment • homologous to the targeted gene. The presence of. 
— - J ' --high amount of restriction sites especially unique ones in the 

: 'plasmid Backbones-decrease the chance to - find a nafcural-.r.estric- 
"20 "tion-site^'in-the 'appropriate location of the targeted DNA frag- 
- rtientT : *Th : i s '-problem "is usually overcome by modification of the 

* *• targeted D^A fragment "requiring several cloning step and addi- 

* ' fcionai' : manipulation .in : terms of molecular biology, what is a dis- 
- ^advantageous, time consuming methology. 

i."^-. r ; - -*7*:e"AV^ gene* by *^pmolgous reco^i^ation in- 

- - fufiSfi 'is^a* also ~a' tool to identify gerie function for essential" 
" ' " geniT: the* biochemical characterization of an essential gene can- 

* *' * : " jiotr~b"e : studied" by classical knock-out .strategy since the mutants 

* * ■ 30 carrying* a disruption of * such a gene are not viable. One way con- 
■ *- J *sis^ing *tb "e>verexpreBs : such a gene overcome the problem when a 

* - typ'icai phenotype ' can hfe assigned to the mutant that overexpres- 

: ses the gene, Arfbther approach can be to regulate the gene e*- 
prUssion by aji* itSdu6ible promoter sequence so that the gene could 

35 *b^ expressed 'or repressed' when needed and consequently permits to 

isblatW' Viable JSkutantsi " As mentioned above, these approaches re- 
quire atT least "several" thousand bp of the nucleic acid sequence 
' "to be" studied "that need to be integrated in the genome of the 
"fungi together with a plasmid vector comprising the different 
40 part's' 6£ the nucleic "acid sequence- In addition, if the recombi- 
nant "DNS" is integrated at an ectopic site, the identification of 
the mutant strains becomes more complicated and the position of 
" the integration in the genome may influence the level of expres- 
sion of the recombinant protein- Taking the aforesaid into con- 
45 sideration, currently existing plasmid vectors currently used for 
transformation of filamentous fungi exhibit a lot of disadvan- 
tages and* are* neither suitable for large scale analysis e.g. iix 
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functional genomic studies nor convenient for recombinant expres- 
sion in a filamentous fungi. Additionally, there is a constant 
need for new- selection markers facilitating the selection pro- 
cess . 

5 

Thus, object of the present invention was to develop tools for 
targeted transformation of filamentous fungi that overcome the 
disadvantages of the state .of the art like plasmid vectors suit- 
able for functional genomic studies and recombinant expression 
10 and new selection markers. 

* * : -Surprisingly/ we have found that the object of the invention has ft 
•been achieved by construction of a plasmid vector for targeted 
transformation of filamentous fungi comprising 

15 

a) * an origin " of replication for a host organism which is not 
" originating "from- the filamentous fungi to be transformed? 

4-;. - ? «.--k).-v. ^-selection- marker- "for a host- organism not originating from 
20"*' '-"the filamentous fungi to be transformed; 

" *" ~'c)' "a 7 promotbr facilitating recombinant expression in filamentous 
fiuSgl ftliat *i sr* func t "i onal ly linked to the coding region of the 
' • '.."rhygromycin- resistance gene which is functionally iinked to a 

- *^2S : :*- c ^tStnSiator- w^ terminat ibri . in .. f i- * * . 

-r -7-r 3r*amentous-' f ungi ; . . J- \- _^ j _ * ■ 

- x \- 

* ' — ' wherein* the" overall- size of the elements a) , b) and c) does not 
- exceed 4500 bp; and - : 

30 

• d) a"nucleic *aciel sequence, which is homologous to_nucleic acid 

" " * : s e^u^xces 1 " *o'f * the"' filamentous fungi to be transformed and 

makes" ho^logTous recombination in the filamentous fungi to be 
transformed possible. 

35 

The' overall size of "the elements a) , b) and c) does not exceed 
* 4500 bp; pieferaby 4100 bp, more preferably 3700 bp. 

In addition to the nucleic acid elements a) , b) , c) and d) the 
40 plasmid" 7 vecto"r 'optionally comprises a cloning site containing 
rare restriction sites" or a TA-cloning site by which further nu- 
cleic acid* sequences can" been cloned easily into the plasmid vec- 
tor. A TA-cloning site "comprises thymidine residues linked onto 
the*" 3 '-ends of linearized plasmid DMA. which would allow some 
45 annealing to occur between the vector* and the A-tailed PCR prod- 
uct to be ligated*.* *his" process is called TA cloning. Preferably, 
the vector is modified that there are only few unierue restriction 
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sites left enabling the digestion by commercial available re- 
striction enzymes of the homologous sequence of the targeted gene 
prior to the transformation. 

5 Filamentous fungi that can be transformed' with the vectors of the 
present invention are non-phytopathogenic filamentous fungi e.g. 
Neurospora species like Neurospora crassa and phytopathogenic 
filamentous fungi, wherein the phytopathogenic filamentous fungi 
are preferred. Preferred phytopathogenic filamentous fungi are 
10 selected from the group consiting of the genera Neurospora, Al- 
temaria, Podosphaera, 'Sclerotinia, Physalospora, Botrytis, Cory- 
nespora;- Coiletotri'chum; ' Diplocarpcto; Elsinoe; Diaporthte; Sphae- 
-rotheca; Cinula, Cercospora; Erysiphe; Sphaerotheca; Leveillulaj 
Myco^phaereliar' Phylla'ctinia; Gloesporium; Gymnosporangium, Lep- 
• 15 -toVthrydiuin; ^Podosphaera; Gloedes; Cladosporium; Phomopsis; Phy- 
topora"; Phytophthbra; Erysiphe; Fusarium; Verticillium; Glome- 
'rella^^D'rechslera; Bipo-laris; Personospora; Phaeoisariopsis ; Spa- 
J2" T <=^^«™aj" £^Su^dcie^c=os^o3rell.a.; Pseudoperonospora; Puccinia; Ty- 

-phuia'; P^xcularia;" '^rzoctdhia; 'St'achbspoarium; Uncinula; ~Usti- 

' 20 lago'; Gaeumanhorr^clas- aiid" Fusarium, more preferred from the group 
' consisting of tibe* genera and species Neurospora such as Neuros- 
„\ pora- crassa, -Alt ernaria 1 ; Podosphaera, Sclerotinia, Physalospora 

~~ : sucK^s * Physalospora -canker , Botrytis species such as Botrytis 
1' *~~^ Corynespora melonis; Collet otriehum; 

^'~ 25 -^ rosae; .: sisan6e ~9U**ch as -El^inpe . * 

ir "~&WcV£tW Diaporthe -citri-;. -Sphaerotheca ;_- Cinula. 

-"such as Cinuia^iieccata/- Cercospora? Erysiphe such as Erysiphe ci- 
■- choracearum-and Erysiphe graminis; Sphaerotheca such as Sphaero- 

the'c^- fuliginea"; Xeveillula such as Leveillula taurica*; Mycosp- 
30 haerell'a;* Phyl ^actinia*' such as Phyllactinia kakicola; Gloesporium 
such as Gloesporium kakiy Gymnosporangium such as Gymnosporangium 
yamadae/ lifeptotthrydium* such as Leptotthrydium pomi, Podosphaera 

* su*ch~afc ^Podosphaera Teucotricha; Gloedes such as Gloedes pomi- 
' g'ena'; Cladosporium" such as Cladosporium carpophilum; Phomopsis; 

35 PhytoporkT* Phy tophthora* such as Phytophthora infestans; Verticil- 
'•iiiim; Glbirfkrefila such as* Glomerella cingulata; Drechslera; Bipo- 
laris; " Personospora;" Phaeoisariopsis such as Phaeoisariopsis vi- 
tis; *Spacel'oma~ such' as Spaceloma ampelina; Pseudocercosporella 
' siich as Pseudocercosporella herpotrichoides; Pseudoperonospora; 
40 Puccinia*; Typhuia; Pyricularia sueh as Pyricularia . oryzae; Ehi- 

* zoctoniaV'Stacho'sporium' such as Stachosporium aodorum; Uncinula 
su'ch as Uribimila necator; Ustilago; Gaeumannomyces species such 
as Gaeumaimomyces graminis and Fusarium such as Fusarium dime- 
rium, Fusariuni* merismoides, Fusarium lateritium, Fusarium decern- 

45 cellulare,' Fusarium poae, Fusarium tricinctum, Fusarium sporotri- 
chioides', Fusarium chlamydosporuxn, Fusarium monili forme, Fusarium 
proliferation, Fusarium anthophilum, Fusarium suhglutirxans, Pusa- 
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rium nygamai, Fusarium oxysporum. Fusarium solani, Fusarium cul- 
morum, Fusarium sambucinum, Fusarium cr o o Jewel lens e, Fusarium ave- 
naceum ssp. avenaceum, Fusarium avenaceum ssp. aywerte, Fusarium 
avenaceum ssp. nurragi, Fusarium hetrosporum, Fusarium acuminatum 
5 ssp. acuminatum, Fusarium acuminatum ssp. armeniacum, Fusarium 
. . ■ longipes, Fusarium compaction, Fusarium ecjuiseti, Fusarium scripi, 
Fusarium polyphdalidicum, Fusarium aemi tectum and Fusarium beomi- 
forme and especially preferred from the genera Fusarium such as 
Fusarium graminearum, most preferred from the group consisting of 
10 the genera and species Fusarium, Fusarium dimerium, Fusarium me- 
risxnoides'. Fusarium lateritium. Fusarium decemcellulare, Fusarium 
poae, Fusarium tricinctum, Fusarium sporotrichioides, Fusarium 
clilamydosporum/' Fusarium~monilif orme, Fusarium prolif eratum, fu- 
sarium- anthophilum-; Fusarium subglutinans, Fusarium nygamai, Fu- 

• 15* sariuicr oxysporum, Fusarium solani, Fusarium culmorum, Fusarium 

-sambucinum; Fusarium crookwellense, Fusarium avenaceum ssp. ave- 
naceum,- Fusarium* avenaceum ssp. aywerte, Fusarium avenaceum ssp. 
• : nurragi, Fusarium netfoaporum, .Fusarium acuminatum ssp. acumina- 
. txxnit • Fusar ~ium acun&na turn* ssp - anneniacum, Fusarium longipes, Fu- 
20 sa^ium compactufii; : *Fdsaf ium ecjuiseti,' Fusarium scripi; Fusarium 
polyphialidicum; Fusarium semitectum and Fusarium beomi forme whe- 
rein Fusarium graminearum is most preferred. 

**7 " The^-host" organism- in" which the origin* of replication a) is func- 

/tiipna*^ serves for Jcons true ting and propagat — 

d: ;-l5v ~\ \\ ..ing* ^J^'^X^^^^y^j^OT^pS the ' .invention The " Host" organism must 

be geneti'cal^ filamentous "fungi" to , 'Be-'-trans- ;v ' 

formed, ' aitfeer replication of the plasmid vector should not take 
place -in the" filamentous fungi to be transformed but is desired 

* 30 in the "host" organism! due to using the origin of replication a) . 
" * Host" organisms 'which may be used are all common microorganisms 

which can easily be manipulated by genetic engineering. Preferred 
host organisms are Gram-negative bacteria such as the genera 
Escherichia" an'd' Salmonella e.g. Escherichia coli andt Salmonella 
* \ 35 thyplimurium or " Gram-positive bacteria such as the genera Baeil- 
.lus and Streptoiccyces; e.g. Bacillus subtilis and Streptomyces ni- 
dulans. Particularly preferred are Gram-negative bacteria such as 
Escherichia, e.g. Escherichia coli. 

Preferred* origins* of replications (ori) are the col El ori, the 
fl ori. 

The selection marker b) means a gene or the expression product of 
^ the gene, preferred meanings are genes whose expression causes 
resistance of the host organism to antibiotics, by preference a 
resistance to kananiyein, chloramphenicol, tetracycline, zeocin or 
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ampicillin and particualry preferred ampicillin and kanamycin. 

In a preferred embodiment, the element a) o£ the plaamid vector 
according to the invention comprises an col El origin of replica- 

S tion and the ampicillin resistance gene as selection marker for 

.* 

the host 'organism. 

The element c) is hereinbelow termed as ^hygromyein cassette" » 
The coding region of the hygromyein resistance gene (hereinbelow 
10 termed u hygroinycin gene") is known by the skilled artisan (Gritz 
' L. and- Bavies J . ',1983, Gene 25, 179-188, Kaster, K.R. , Burgett 
S.G. and "Ingolia T.'dV, 1984, Curr. Genet. B,3S3-j358) and has a 
length of 1026bp. 

IS Examples- of suitable prbmotors to which the coding region of the 
hygromyein gene is functionally linked to, are the GPD-1-, PX6-, 
TEF-, * : CUPi-; *PGK-, :N GAP1-,. TPI, PH05-, AOX1, GAL10/CYC-1, CYC1, 
--oi£e-r : ADH-, "tdh-*, '.Ke&S--, MFa- or the NMT-promotor (Degryse et 

' *'alf^ Romanos.,et al.- Yeast 1992,, fc . 

•20 jun;8{6) :423-88; Benito -et al . Eur. J, Plant Pathol. 104. 207-220 
' (1*998 ); "Gregg et '4lV"Biotechnology (NY) 1993 Aug; 11 (8) : 905-10; 
Luo'Xr, Gerie"l995 S"ep : 22;163 (1) :127-31; Nacken et al., Gene 1996 

- 0*et 10; 175.(1-2) -=253-60; Turgeon et al., Mol Cell Biol 19|7 

'^ : " : Se^ CYC1-* ADH-*, TDH-, Kex2-, . 



^"'^i^J *'"*' to^;, "*m^ GBD-l-r,. PX6., "TEFt- c 



PH05<rYoV" At^l-promo- 
or .the CUP1 -promo tort: 
most" preferably the GPD1 or the TEF-promotor- 



• * Examples' of * suitable v "terminators that are functionally linked to 
30' the* coding-region of "the hygromyein gene are the A0X1-, nos-, 
* r PGK- ; trpC^- or* the * CYC-i- terminator (Degryse et.al*. Yeast 1995 
' J^ui'lS} 11(7) :629-i0; Brunelli et al- Yeast 1993 Dec9(12): 
- 1309-18; Frisch et *al.*, Plant Mol . Biol. 27 (2), 405-409 (1995); 
-'- Scorer' "et al. / BictecKhblogy (N-Y.) 12 (2), 181-184 (1994). Gen- 
35 bank" acc'. number Z46232; Punt et al*, (1987) Gene 56 (1). 
' 117^124)*)*; preferably*** the CYC1- or nos- terminator, more prefer- 
ably the nos-terminator. 

In a preferred: embodiment f the hygromyein cassette comprises a 
40 GPD-i" promo tor*' functionally linked to the coding region of the 
** hygromyein region* which" is functionally linked to the nos-termi- 
nator . 

A functional linkage 'is 'Understood as meaning the sequential ar- 
45 rangement' of promoter * and ' coding sequence, of coding sequence and 
terminator or of promoter, coding sequence and terminator in such 
a way that each* of the regulatory elements can, upon expression 
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of the coding sequence, fulfil* its function upon the recombinant 
expression of the nucleic acid sequence. Direct linkage in the 
chemical sense is not necessarily required for this purpose. Pre- 
ferred arrangements are those in which the hygramycin gene to be 
S expressed recombinantly is positioned downstream of the sequence 
which acts as promoter, so that the two sequences are linked co- 
valently to each other. The distance between the promoter se- 
quence and the nucleic acid sequence to be expressed recombi- 
nantly is preferably less than 1G0 base pairs , especially prefer- 
10 ably less than 50 base pairs, very especially preferably less 
than 10 base pairs .- The : distance between the terminator sequence 
* and the nucleic acid sequence to be expressed recombinantly is 
preferably less* than- 1*00 base pair&, especially preferably less 

* -than- 50 ba£e pairs/ very- especially preferably less than 10 base 
15 pairs.' However/; -further sequences which, for example, exert the 

function"" o'f' : a -linker** with certain restriction" enzyme cleavage 
sites, or of -a signal peptide, may also be positioned between the 
two sequences. 

20 These • vectors ^ ^is^not - bhiy" rau'cr more smaller than" currently used- 
• plasmid"*- vectors-; "but" "exhibit also a high transformation effi- 

* clench- - Surprisingly", ~ a high transformation efficiency can be 

* gained" even : if -sniall^DNA- fragment s of at least 300bp, preferably 
---^-'af'least ^t)6bp~; : more** preferably at least 450bp;-most preferably 
r2ljratfi-&^ acid sequence d)}. : .t;o". be .analyzed are 
; "~SiseS7'*^^ of i-liegfcfci^ • 

30%', pref erably between 0-to : 20%v " r ■** ~ •'. • \ m 

The-' nucleic* acid sequence d) has a homology of at least 80% to 
a6"ti^"nuel*4ic acid c sequence of :■ the filamentous fungi to be trans- 

* formed"^ preferably at* least 90%, more preferably at least 95% and 
most preferably at least 100%. 

In ""Si preferred' embodiment, the nucleic acid sequence d) origi- 
35 nates" from" a" filamentous fungi and has a length o£ at least 

400bp,'** more preferably -at least 450bp,' most preferably at least 
"500bJ>:** : '"These length arV suitable for functional genomic studies. 
"Also niicleic "acid "^eqaeifces exceeding 500bp can be used, e.g. for 
the purpose recombinant expression. 

40 

"If the nucleife adid sequence d) is to be expressed reeombinantly 
in the filamentous fungi, it can be functionally linked to a pro- 
xobtor e) and optionally to a terminator f ) . 

45 Examples of suitable promotors e) are for example the AUG1-, 
GPD-1-, FX6-, TEF-, CUP1-, PGK-, GAP1-, TPI, PH05-, A0X1, 
GAL10/CYC-1, C*C1, Olio-, ADH-, TDH-, Kex2-, MFa- or the NMT-pro- 
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motor or combinations of the aforementioned promotors (Degryse et 
al.. Yeast 199S Jun 15; 11 (7) : 629-40; Romanos et al. Yeast 1992 
Jun;8 (6) :423-88; Benito et al.Eur. J. Plant Pathol. 104, 207-220 
(1998); Cregg et al- Biotechnology (tf Y) 1993 Aug;ll (8) :905-10; 
'5 Luo X., Gene 1995 Sep .22 ; 163 (1 ) :127-31 ; Nacken et al-. , Gene 1996 
Oct 10; 175 (1-2): 253-60; Turgeon et al . , Mol Cell Biol 1987 
Sep; 7 (9) :3297-30S) . 

Examples of suitable terminators f) are the Gcyl-. TrpO. 

10 AOX1-, nos-/tte PGK- or the CYCl-terminator (Degryse et al - , 

Yeast 199S Jun 15; 11 (7) : 629-40 ; Brunelli et al. Yeast 1993 

Dec9(12): 1309-18; Frisch et al.. Plant Mol. Biol. 27 (2), . . 
* 405-409 (1995); Scorer et al- , Biotechnology (N . Y . ) 12 (2), 

181-18*4 -(I99*)'f Genbaiik " acc . number Z46232; Zhao et al. Genbank 
IS acc number : AF049064; Punt et al.,' (1987) Gene 56 (1). 

117-124) . 

: " The' nuc*iVic~-aerd* seouence d) can be also functionally linked to 

* r an *af T f ini'tS^'taig*" to purify the encoded protein and/or. to a. re-.. 
20 porter gerie to study biochemical properties of the nucleic acid 
sequence d) in vivo, respectively. 

.-^Reporter 'gfene-s" "encode readily quantifiable proteins . Using 
-'•vVthes'e 5 g"att6^ : :an ' asiserssient' of transformation e.fficacy .or of the 
. • s i jbe- ^r*?tixtie*;' "of *"-'eror e^S'i on can W.made via; growth, :fiuorescence, 
" v fchetoi£3^ resistance assay-or via 

photometric* measurement (intrinsic color) or enzyme activity. 
• * Very especially preferred in this context are reporter proteins 
' (Schenbbrn E/* Grro'skreutz D. Mol. Biotechnol. 1999; 13 (1) : 2-9-44) 
30 such as the* **g"refen z f luorescenee protein" (GFP) (Gerdes HH and 
Kaethe'r C, TEBS Letter 1996; 389 (1) r 44-47 ; Chui WL et al . , Curr, 
BiolV "1996*/ 6 ;32 5-330; Leffel SM et al . , Biotechniques . 
23 (5) f912-8^ 1997*) / *ehloran^henicol acetyl transferase, a lucif- 
" erase '( : Gik*comiri, Plant* Sci. 1996, 116:59-72; Scikantha, J. Bact. 
35 1996, 178Vl'21;""Millar et al- , Plant Mol. Biol. Rep. 1992 

- 10:32*4-414**)*, "axid lucif erase genes, in general P-galactosidase or 
P-glucuronidase (Jefferson et al.-, EMBO J. 1987, 6, 3901-3907), 
the Ura3 gene, the llv2 gene, the 2-desoxyglucose-6-pbosphate 
* phosphatase gkne, ^-lactamase gene, the neomycin phosphotransf er- 
40 ase gene, the hyg^binycin phosphotransferase gene, or the BASTA ( = 
gluphosinate) resistance gene. 

" The term * affinity tag" denotes a peptide or polypeptide whose 
coding nucleic acid sequence can be fused to the nucleic acid se- 
45 quence* d) either directly or using a linker, by customary cloning 
techniques. The affinity tag serves to isolate the recombinant 
target protein by means of affinity chromatography. The abovemen- 
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tioned linker can optionally comprise a protease cleavage site 
(for example for thrombin or factor Xa) > whereby the affinity tag- 
can be cleaved off from the target protein, as requited. Examples 
of customary affinity tags are the w his-tag", for example from 
5 Quiagen, Hilden, "strep-tag" , *myc-tag" (Invitrogen, Carlsberg) , 
New England Biolab's tag which consists of a chitin binding do- 
main and an intein, and what is known as the CBD-tag from Nova- 
gen . 

- 10 In a particularly preferred embodiment , the plasmid vector com- 
' prises an coli £1 ori, the ampicillin resistance gene as selec- 
tion marker, a GPD-1 promotor functionally linked to the coding 
region of"' the hygrdmycin resistance gene which i*s functionally • 
linked to the nos-terminator . 

IS 

* Preferably*; * the vector also comprises a multiple cloning site 
— - -- comprising appropriate "restriction enzyme site. Appropriate re- 
str'ictfbn sites are well known by the skilled artisan. 

' 20 In* a"*^ftu?ther^pr : ef plastnid vector- 'additionaly - • 

ccic^rises "a TA-cloning site to facilitate the- overall cloning 

procedure . 

: Exl^^lfes ' of particular iy preferred, .embodiments are set forth in 

'* • \iS^i^y"l^jBf^^ m l m * *' .r* :,: ' •."--•.J..1-- * ":"i"u : v \. ; iT; „;* : . 

* r ' ei&bdiinehts- o^ "plasmid vectors-are.., . :/r-.; 
hereihbelow termed as'^plasmid vector (or vector) according to 
the. invention". 

30 . ' 

If a plasmid" is used* for recombinant expression in a host, a 
'* marker "£ST irequired" indicating the Sucessfull transfer of the 

prasmid'vector DNA into the filamentous fungi to be transformed. - 

35' Surprisingly, we have ? 'found that the gene fragments of the poly- 
ketide synthase are a well suited selection marker. The term 
" "selection" marker referred' to the polyketide synthase herein means 
a nucleic acid sequence. 

40" Polyketide ' synthase^* are multifunctional enzymes that are in- 
volved" in the biosynthesis of several important polyketides . 
Polyketides constitute a large and highly diverse group of secon- 
dary metabolites, synthesized by bacteria, fungi and plants. They 
include antibiotics, compounds with mycotoxie activity, and com- 

45 pounds within pigment biosynthetic pathways- Further a polyketide 
synthase is described to be required for fungal virulence of 
Coehliobolus heterostrophous toward maize (Yang et al., 1996 



10 

PMID: 8953776) . Polyketide Synthetases are furthermore -known from 
Wangiella dermatidis (pubMedID : 11179356) , from Aspergillus nidu- 
lans (Swiss-prot ID: Q03149; identity with SEQ ID No: 4= 38%; 
identity with SEQ ID No: 6= 40%; identity with SEQ ID No: 8= 48%; 
S identity with SEQ ID No: 10= S7%; identity with SEQ ID No: 12= 
38,5%; identity with SEQ ID No: 14= 46%) and from Aspergillus pa- 
rasiticus {Swiss-Prot ID-Q1'2053; identity with SEQ ID No:4= 38%; 
identity with SEQ • ID No: 6= 38%; identity with SEQ ID No: 8* 39%; 
identity with SEQ ID No: 10= 48%; identity with SEQ ID No: 12= 36%; 
10 identity with SEQ ID No: 14= 32%) . 

• The use of polyketide* synthase as selectable marker to be used in 
an expression for filamentous fungi has not yet been .described. 

15 ~ Thus*, 5 the* present ~ invention encompasses a selection marker cam- 
prising- 'a* nucleic ^cid'sefquence encoding a polyketide snythetase 
' fragment; "wherein said nucleic acid sequence comprises 



20 



"i. ; *" a^hucleic" a'*cid~ sequence shown in SEQ ID N0:1 or SEQ ID NO:2; 

or ....... .--...„.., 



-ii. a r nucleic" ac"£d secjiiiikce which, owing to the degeneracy of the 
" r ' ~ " • ' genetic "eode;~"*can^ be deduced from the amino acid sequence 

• ~; ;\ i ~; "shown^in SEQ* ID NO: 4; SEQ.ID.N0:6, SEQ* ID NO:B, SEQ *ID NO:10, 
;: r 4 £ - :vy 25 - --Ojgggj ID : fib ; l'S^or ;.SEQ ID NO : 14 ;by . back translation; or- ,j . . 

' : ~. ' -•-"«"- * " : ■ \ - y '* " " ' ' : ... /.'J: VI " ... . ."-*-..... 

t- -rr./r.- ^jaix^SS^^'iiq^^ii^^tB of- the- "nucleic acid- sequence -Ah-ilelf,- 7 - 

- ** " * owing to" the degeri.£facy of the genetic code, can be deduced 

r ^"beick"; translation from a functional equivalent of an amino 

- • - -3° 'acid sequence shown "in SEQ ID NO: 4 that has at least an iden- 
tity 6*f 39% "with -the*" SEQ ID NO:4 or from a functional equiva- 
" ~ lent o"f an amino acid sequence shown in SEQ ID NO: 6 that has 

at ieast an* identity of 41% with the SEQ ID. NO: 6 or from a 
*• ' factional equivalent of .an amino acid sequence shown in SEQ 
•35 ■ id"'NO:8 that 'has at least an identity of 49% with the SEQ ID 

• * : : *" * NO:8 'of "froim a functional equivalent of an amino acid se- 

*. * : ■■ " " * que&6e : shown" "in SEQ ID NO: 10 that has at least an identity of 
'58% "With the SE§ ID* NO:10 or from a functional equivalent of 
" an' amino acid* sequence shown in SEQ ID NO: 12 that has at 
"40 least an identity of 39% with the SEQ ID NO: 12 or from a 

functional equivalent of an amino acid sequence shown in SEQ 
- ID NO: 14 that Has at least an identity of 46% with the SEQ ID 
NO: 14; or 

45 
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iv. functional equivalents of the nucleic acid . sequence shown in 
SEQ ID *JO:l having at least an identity of 80% vith the SEQ 
ID NO = l or functional equivalents of SEQ ID KTO:2 having at 
least an identity of 80% with the SEQ ID NO: 2; or 

5 

v. parts of the nucleic acid sequence as defined in i) , ii>", 
iii) or iv) consisting of at least 300bp. 

parts or segments of nucleic acid sequences set forth in v) con- 
10 sisting "of at leait 300bp, preferably at least 400bp, more pre- 

ferably afleast 450bp, most preferably at least SOQbp of the 
- "nucleic acxd^ sequences. In a further preferred embodiment, those 
* parts are r selected from SEQ ID N0:1. preferably from 732bp to 

5881bp fc 'of * SEQ ID *I0:i e.g. from 2236bp to 2870bp. 

15 

--•Preferred* are" nucleic acid sequences as defined above originate 
fjfom" filamentous "fungi;) preferably phytopathogenic filamentous 
^wgi*"'sei'ecfc : ia fc froiir*bher group consiting of the genera Neurospora, 
1 AlttsrnacriS/ Po'dospfiaera^'Sclerotinia, ' Physalospora, Botrytis-, Co- 
20 r^esporaj^Co'iietdtrichum; Diplocarpon; Elsinoe; Diaporthe; 
' r SphaeaEroth^ca; : C inula.' "Cercospora; Erysiphe; Sphaerotheca; Leveil- 
lula; •Myedspftaerellar Phyllactinia; Gloesporium; Gynoxosporangium, 
•.Leptot£ii2^ Gloedes; Cladosporium; Phomopsis; 

> : ^Phyfedpbra;^ Fusarium; .Verticillitim; Glome- 

^--rfci-lai :, Dr£<^ ';. ' Pe'rsonospora ;*• phaeoisariopsis.C Spa- 

^'"SSSBS&i' ' Pseu&cfc^cbs^rella- . fc Pseudoperonosppra; . Puccinia-;i- Ty 

" phuia*; "Py'ricu : laria; Rhizoctonia? Staehosporium; Uncinula; Usti- 
* m ' lagb';"Gaeumannorrrj'ces- and" Fusarium, more preferred from the group 
'''' "cbxisisting^bf the" genera and species Neurospora such, as Kfeuros- 
30 poifa' erassar Alternaria*'; Podosphaera, Sclerotinia, Physalospora 

" such" as" Physalospora "canker t Botrytis species such as Botrytis 
- '* ciner^a*, Corynespora such* as Corynespora melonis; Colletotrichum; 
Di£lo'carpon suchr as"" Diplocarpon rosae; Elsinoe such as Elsinoe 
*~fawcetri _ , - Dikp'orthe such as Diaporthe citri; Sphaerotheca; Cinula 
such' as " Cinuia~neecata, Cercospora; Erysiphe such as Erysiphe ci- 
" " fehorae*6aruiii *and ; EJrysiphe 'graminis; Sphaerotheca such as Sphaero- 
' tzheca fu'ligirie'a; Leveillula such as Leveillula taurica; Mycosp- 
haerella; * Phyllactinia such as Phyllactinia kakicola; Gloesporium 
such as "Glo'esprorium kaki;* Gymnosporangium such as Gymnosporangium 
*Q yamadae,- lieptotthrydium""such as Leptotthrydium pomi, Podogphaera 
" such as" Podosphaera leucotrieha; Gloedes such as Gloedes pomi- 
gfcna; .Cladbsporium such as Cladosporium carpophilum; Phomopsis; 
Phytopora; ' Phytophthbra such as Phytophthora infestans; Verticil- 
* lium; Glomeicell'a' such as Glomerella cingulata; Drechslera; Bipo- 
* s laris; Per'sonospora; Phaeoisariopsis such as Phaeoisariopsis vi- 
tis; * Spaceloma such as Spaceloma ampelina; Pseudocercosporella 
such as Pseudocercosporella herpotrichoides; Bseudoperonospora; 
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Puccinia; Typhula; Pyricularia such as Pyricularia oryzae; Rhi- 
zoctonia; Stachosporium such as Stachosporium nodorum; Uncinula 
such as Uncinula necator; tfstilago; Gaeumannomyces- species such, 
as Gaeumannomyces graminis and Fusarium such as Fusarium dime- 
5 rium, Fusarium merismoides, Fusarium lateritium, Fusarium decem- 
cellulare, Fusarium poae f Fusarium tricinctum, Fusarium spqrotri- 
chioides, Fusarium ;chlamydosporua, Fusarium moniliforme, Fusarium 
proliferations Fusarium anthophilum, Fusarium subglutinans, Fusa- 
rium nygamai, Fusarium oxyaporum, Fusarium solani, Fusarium cul- 
10 morum, Fusarium sambucinum, Fusarium crookwellense, Fusarium ave- 
naceum - ssp- avenaceum, Fusarium avenaceum ssp. aywerte, Fusarium 
avenaceum ssp- nurragi, Fusarium hetrosporum, Fusarium acuminatum 
ssp- acuminatum, "Fusarium acuminatum ssp, armeni a cum , Fusarium 
longipes, Fusarium compactum r Fusarium equiseti, Fusarium scripi, 
"15 Fusarium polyphialidicum, Fusarium semi tectum and Fusarium beomi- 
forme and 'especially preferred from the genera Fusarium such as 
Fusarium graminearum, most preferred .from the group consisting of 
" the "genera and species Fusarium, Fusarium dimerium, Fusarium me- 
•~ v "rismoides*. ■ FuVarium'-Tateritium, Fusarium decemcellulare, Fusarium 
20 poae/^FuVaritim €rlcinctum # Fusarium" sporotrichioides f Fusarium 
chlamydoisporum, Fusarium moniliforme, Fusarium prolif eraturu, Fu- 
sarium' anthophilum, • Fusarium subglutinans, Fusarium nygamai, Fu- 
sarium oricysporum., Fusarium solani, Fusarium culmorum, Fusarium 
' **" sambucinum 1 /' Fusarium crookwellense, Fusarium avenaceum ssp- ave- 
~~25T ; nafcei^ ssp, aywerte,- ;.Fusarium_.avenaceum ssp. 

*" v ~' r: ntaHiB±V *"W&iAliirf"^i€»l|&oxlam, > Fusarium* acuminatum--, ssp. acumina- 
- v £ub?,-~^^ longipes.,- Fur,.; 

sarium'compactum*, Fusarium equiseti, Fusarium scripi, Fusarium 
polyphialidicum,.- Fusarium semitectum and Fusarium beomif orme whe- 
30 rein Fusarium graminearum is most preferred. 

The teian^' w coinprisihg w means that the nucleic acid sequence ac- 
cording to the invention can be flanked by additional nucleic 
acid sequences* "that have on the 5' end a sequence length of at 
: 3S least' 100 bp- and preferably at least 50 bp, more preferably at 
least 2Qbp 1 , most preferably at least 10bp and on the 3' a se- 
quence length of at least 4000 bp and preferably at least 3000 
bp, more preferably at least 2500 bp. 

v 40 "Functional equivalents" in the present context describe nucleic 
acid' sequences which hybridize under standard conditions with the 
nucleic acid - sequence or portions of the nucleic acid sequence 
having the function of the a selection marker. 

« I* 

It is advantageous to use short oligonucleotides of a length, of 
10-50 bp, preferably 15-40 bp, for example of the conserved or 
other regions, which can be determined via comparisons with other 
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related genes in a manner known to the skilled worker for the hy- 
bridization* Alternatively, it is also possible to use longer 
fragments of the nucleic acids according to the invention or the 
complete sequences for the hybridization. These standard condi- 
5 tions vary depending on the nucleic acid used/ viz. oligonucleo- 
tide, longer fragment or complete sequence, or depending on which 
type of nucleic acid, viz- DNA or EN A, is being used for the hy- 
bridization. Thus, for example, the melting temperatures for 
DNA: DNA hybrids are approx. 10°C lower than those of DNA : *R*J A hy- 
10 brids of equal length. 

* Standard conditions are understood as meaning, depending on the 
nucleic acid, •'for example temperattires between 42 and S8°C in an 
aqueous buffer solution with a concentration of between 0.1 and 5 

" 15 x SSC* ti' x SSC~ = 0\15 M NaCl, 15 mM sodium citrate, pH 7.2) or 

additionally in tke presence of 50% formamide such as, for. exam- 
• : ple; "ttVia 5 x-SSC,~S0% formamide. The hybridization conditions 
for DNA: DNA 'hybrids' are advantageously- 0.1 x SSC and temperatures 
" : *■'" ; of; between approximately 2'0°C and 45°C, preferably between approx- 
" f ' 20 -imately - 3 6°C "and £S a Cl w The hybridization conditions for DNA: RNA 

hybrids** are" "advantageously 0.1 x SSC and temperatures of between 

apfproximateiy 30°C and 55°C. preferably between approximately 45°C 
■ and S5°C.; These teinperatures stated for the hybridization are 
■ rr ' " -' 'melting 1 tefeperatur^ values which have been calculated by .way of 
iv _ u. •-^j^*^3«^^^^£e^.f a-< huclerc^acica with .a - length of - approx *. . 1 00 nucleo-r * 
.; : ■* ti^d^^^ ..50%* in. the absence, .of ...formamide : The 

:^«^-* -"^^ DNA hybridization Vare described. in: 

special is t* tdxtboroks of genetics such as, for example, Sambrook 
• " ' et alV, ^Molecular Cloning"., Cold Spring Harbor Laboratory, 1989 
* ■* ~ and caa-Ve "calculated "using formulae known to the skilled worker, 
: f or example as' at function* of the length of the nucleic acids, the 
" type* "of ~ tfasa" hybrids or*'* the G + C content. The skilled worker can 
find* moire*' information on hybridization in the following text- 

* books Ausubel* et al-(eds), 1985, Current Protocols in Molecular 
35 Biology, John Wiley' & Sons, New York; Haines and Higgins (eds) , 

1985, "Nucleic' Acids Hybridization: A Practical Approach, IRI* 
* "" Press at Oxford University Press, Oxford; Brown (ed) , 1991, Es- 
— sektial Molecular* Biology: A Practical Approach, IRL Press at Ox- 
ford University Press, Oxford. 

40 

A functional equivalent is furthermore also understood as mean- 
ing, "in particular; natural or artificial mutations of the rele- ■ 
vant nucleic acid sequences of the PKS and its hoxnologs from 
other" organisms, wherein mutations comprise substitutions, addi- 
ng tions, deletions, inversions or insertions of one or more nucleo- 
tide residues. This may also lead to a modification of the corre- 
sponding amino acid sequence of the PKS by substitution, inser- 
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tion or deletion of one or more amino axrids. 



Thus, the scope of the present invention also extends to, for ex- 
ample, those nucleotide sequences which are obtained by modifica- 
* tion of the nucleic acid, sequence of the selection marker de- 
scribed by. SEQ ID N0:1 or by SEQ ID N0:2. The purpose of such a 
modification can be, for example, the insertion of further cleav- 
age sites* for* restriction enzymes, the removal of excess DNA, or 
the addition of further sequencers. Proteins which are encoded via 
said nucleic acid sequences should still maintain the desired 
functions, despite the deviating nucleic acid sequence. 

The functional equivalents of SEQ ID N0:1 set forth in iv) which 

' ' are according to * the 'invention and claimed herein have preferably 

"at least "80%/ by preference at least 81%, 82%, 83%, 84%, 85%, 

' 86%; 87%,* 88%, 89%, 90%'/ especially preferably at least 91%, 92%, 

: '93%, '94%'/' 95%; 96%, 97%/ 98%, 99% ' identity with the SEQ ID No : 1 . 

• Said~ functional ■ equivalents are distinguished by an essentially 

~ ■*! identiceii functionality that means they are functional selection 

20 , • * 

markers for filamentous fungi. 

* The functional equivalents of SEQ ID NO: 2 set forth in iv) which 

"~ afe according to the~~invention and claimed herein have 'preferably 

*V^'*2g ^t- Ie4s t ; " 8 6%, v by 1 preference, at. least\81%., v .B2%, 83%,, .84%., .85%, 
~- r b~ -| 'ikrr'B^^;- 1 BS%^/S9f; ~90%; -especially pref erabiy/at " least " 91% \ 92% 

\~\ -9J%^^Si%/ r §i5%^96%7/^%r. 98%//.99.% d-d^feiJfey^wi^Vtho-'SEfl, ID No:2'/ . 

Said functional equivalents are distinguished by an essentially 

* identical functionality that means they are functional selection 
30 markers for filamentous fungi. 

' The' 'functional"" equivalents of the nucleic acid sequence set forth 
in iii) which, owing to * the degeneracy of the genetic code, can 
be 'deduced from* the amino acid sequence shown in SEQ ID NO: 4 by 

35 back translation having at least an identity of 39%, 40%, 41%, 
42%] 43%, 44%, 45%7 46%, 47%, 48%, 49%, 50%, 51%, 52%, 53%, 54%, 

y 55%', '56%, ' 57%', 58%; ~59%, 60% preferred of 61%, 62%, 63%," 64%, 

65%, 66%; 67%, 68%, 69%/ 70%, 71%, 72%, 73%, 74%, 75% f 76%, 77%. 
78%, ' 79%, 80% more preferred of 81%, 82%, 83%, 84%, 85%, 86%, 
; 40 88%> 88%, 89%, 90%' most preferred of 91%', 92%, 93%, 94%, 95%, 

96%, 97%*, 98%, 99% identity with the SEQ ID No:4. Said functional 
equivalents are distinguished by an essentially identical func- 
tionality with SEQ ID NO: 4 by an essentially identical function- 
ality* that means they are functional selection markers for f ila- 

45 mentous fungi . 
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The functional equivalents of the nucleic acid sequence set forth 
in iii) which, owing to the degeneracy of the genetic code, can 
be deduced from the amino acid sequence show* in SEQ ID NO ; 6 by- 
back translation having at least an identity of 41%, 42%, 43% , 
5 44%, 45%, 46%, 47%, 48%,. 49%, 50%. 51%, 52%, 53%, 54%, 55%," S6%, 
57%, 58%, '59%, 60% preferred of 61%, 62%, 63%, 64%, 65%, 66%, 
- • 67%, 68%, 69%, 70%, 71%, 72%, 73%, 74%, 75%, 76%, 77%, 78%, 79%, 
80% more preferred of 81%, 82%, 83%, 84%, 85%, 86%, 88%, 88%, 
89%, 90% most preferred of 91%, 92%, 93%, 94%, 95%, 96%, 97%, 
10 98%, '99% -identity -with the SEQ ID No:6. Said functional equiva- 
lents-are* distinguished by an essentially identical functionality 
with S5Q* ID*Nb:6' by an essentially identical functionality that 4 
means" 1 they- are -functional selection markers for filamentous 
f ungi - 

15 

The* functional* equivalents of the nucleic acid sequence set forth 
' - r in 'iii)-*w3tLich7 "owing to : the degeneracy of the genetic code, can 
: -"be "deduced'- from" the amino acid sequence shown in SEQ ID NO 2 8 by 

~ : ^back v translation' having- at least- an .identity -of 49%, 50%, .51%, 
-20 52%; 53%j' 54%; ' S5%, -5'6%", 57%, 58%. 59%, 60%, 61%, 62%, 63%. 64%, 
• - " 6S%/' : -66%7^67%r**S8%/' 69%, 70% preferred of 71%, 72%, 73%, 74%, 
*75*% : , 76%/'77%." 78%', 79%, 80% more preferred of 81%, 82%, . 83%, 
ai*7~85*%; ;86%',' 88%;- 88%, 89%, 90% most preferred of 91%,.' 92%, 
.:^7"r4^ .99% identity with, the SEQ It) No:j8. 

- " : H 25^aid~*i£u^^^ Ji^iLvaiSnts 'are distin^ished .by " an* essentially \ 

*"r; * **%>±di^tical ?i .f iden- . * 

: " tical fwctibnality ; that means they are functional* selection 
markers for filamentous fungi. 

30 The - " functional equivalents of the nucleic acid sequence set forth 
in iiD '-which; owing tb~'the degeneracy of the genetic code, can 
be deduced ~ from* the amiiio acid sequence shown in SEQ ID NO: 10 by 
back translation having at least an identity of 58%, 59%, 60%. 
61%'J 62%, -63%. 64%. : *65%, 66%, 67%, 68%, ^69%, 70% preferred of 
35 71%,' 72%', 73%; '74%,' 75%, 76%, 77%, 78%, 79%, 80% more preferred 
of 81%; 82%, : 83%V. 8i'%/--8*5%, 86%, 88%, 88%, 89%, 90% most prefer- 
red v of 91%; 92%, : 93%, r 94%, 95%, 96%, 97%, 98%, 99% identity with 
the SEQ ID No : 10 V : S'ai*d* functional equivalents are distinguished 
by an essentially identical functionality with SEQ ID NO: 10 by an 
40 essentially identical" functionality that means they are func- 
tional-selection markers for filamentous fungi. 

The functional equivalents of the nucleic acid sequence set forth 
in iii) which, owing "to the degeneracy of the genetic code, can 
45 be deduced from the amino acid sequence shown in SEQ ID NO: 12 by 
back translation having at least an identity of 39%, 40%, 41%, 
42%'V 43%; 44%. 4S%, 46%, 47%, 48% 49%, 50%, 51%, 52%, 53%, 54%, 
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55% , 56%, 57%, 58%. 59%. 60% preferred of 61%. 62%, 63%, 64%, 
65%, 66%, 67%, 68%, 69%, 70%, 71%, 72%, 73%, 74%, 75%, 76%, 77%, 
78%, 79%, 80% more preferred of 81%*, 82%, 83%, 84%, 85%, 86%, 
88%, 88% , 89%, 90% most preferred of 91%, 92%, 93%, 94%, 95%, 
96%, 97%, 98%, 99% identity with the SEQ ID No:12. Said func- 
tional equivalents are distinguished by an essentially identical 
functionality with SEQ ID NO: 12 by an essentially identical func- 
tionality that means they are functional selection markers for 
filamentous fungi. 
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The functional" equivalents of the nucleic acid sequence set forth 
in iii)- which, owing to the degeneracy of the genetic code, can 
be' deduced from the amino acid sequence shown in SEQ ID NO: 14 by 
* 'back translation having at least an identity of 46%, 47%, 48%, 
IS 49%', SO*?; 51"%*, 52%, 53% e , 54%, 55%, 56%, 57%, 58%, 59%, 60%, 61%. 
" 62%., 63%, " 64%, 65%, '66%, 67%, 68%, 69%, 70% preferred of 71%, 
72%, -73% ; ; • V M%>~ 75%, 76%, 77%, 78%, 79%, 80% more preferred of 
81% : , 82r% 1 , "83*%; --84%/" 85%; 86%, 88%, 98%, 89%, 90% most: preferred 

v. --if- 91%*; 'Slip - - .93-% ✓ 94%, : ~95%, .9.6%, .97%, 98%., 99%_identity with the . 

20 SEQ" "ID No's 14. - Said functional equivalents are distinguished by an 
essentially "identical 1 ' functionality with SEQ ID NO: 14 by an es- 
sentially identical functionality that means they are functional 
selection markers for filamentous fungi. 

- 35 *fhe^ acVd. se-' • ; , 

the r identity, of . r , * _ ^ 
tne* nucleic" acid" sequence /polypeptide sequence by in each case 
the" entire' sequence length, which is calculated by alignment with 
1 • 'toe' aid - o$ - the program* 'algorithm GAP (Wisconsin Package -Version 
30 lOrOV University' of Wisconsin. Genetics Computer Group (GCG) , 
Madison, USA) , setting the following parameters: 



35 



40 



Gap-^WeigHt : 8 v Length Weight: 4 

Average 7 Match:' 2 , 912 Average Mismatch: -2, 003 

The 'term homology if used herein is the same as the term iden- 
tity- 
Functional "equivalents thus encompass naturally occurring vari- 
ants *of the sequences described herein, and also artificial, for 
example;'' chemically synthesized, nucleic acid sequences adapted to 
the codbn usage, or the amino acid sequences derived therefrom. 
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The invention furthermore relates to the use of SBQ ID NO:PKS, of 
functional equivalents and of segments SBQ ID NO:PKS as marker 
for targeted transformation in filamentous fungi . 

5 Further encompassed by the present invention is the use of a nu- 
cleic acid sequence as marker for targeted transformation in fi- 
lamentous fungi said nucleic acid comprising 

i. a nucleic acid sequence shown in SEQ ID NO:l or SEQ ID NO : 2 ; 
10 or 

,.ii. a" nucleic "'acid sequence which, owing to the degeneracy of the 
"genetic code/ can" he deduced from the amino acid sequence 
;;*-•• " shown in 'iEQ ID NOi4;-SEQ ID NO: 6, SEQ ID NO: 8, SEQ ID NO: 10. 

" • - 15- ^ SEQ "ID' NO: 12' or SEQ ID NO: 14 by back translation; or 

- ..... -£ii; f^ c "tionai* *eo^iyaients of _ the nucleic acid sequence which. 
* * ' "owing to th£ degeneracy of the genetic code, can be deduced 

- 1 ~by~bk<ck "t'ransratidn^from^a-fianctional^ equivalent. T of an amino 

20 acid sequence showii' in SEQ ID NO: 4 that has at least an iden- 

" ti"ty -*o;f 37% ?/ with 'the SEQ ID NO:* 4 or from a functional equiva-. 
[ lent' of'an* kdrio 'acid sequence shown in SEQ ID NO; 6 that has 

1 "'f ^tieaVt aif identity of . 38% with the SEQ ID NO: 6 or* from a 

J v'L't . /* T ^f^e^ohaX 1 ^^iV^le^ of an^ amino acid -sequence -.shown, in SEQ 

^r\^'-\r'"r r!~N0j8~;oJe^ ^e- ' .* ~ 

' ■' •quence'' ^kowtf ; 'i'n' SEQ'ID NO:10~"that has at least an" identity of ' * " v *'* " 

' * ~ ~ 48%' with'^ or from a functional equivalent of 

Jan amino* acid sequence shown in SEQ ID NO: 12 that has at 
30 - "* least an" identity of 36% with che SEQ ID NO: 12 or from a 
" 1 toctibhal* *e^ivarkht_ of an amino acid sequence shown in SEQ 

id NO^^-tiat-hai* at least an identity of 32% with the SEQ ID 

NO: 14; or t 

"~35 "*iv. ~"f tmctionaCi* "eqiTivki^its of the nucleic acid sequence shown in 
* ,: * .^SEQ i "Xp;Nt)sl ha:yinV at least an identity of 80% with the SBQ 
" : * r ~ ~ '. ID" NO : ! "or "^xm^tiohal equivalents of SEQ ID NO: 2 having at 
"least an identity of 80% with the SEQ ID N0:2; or 

40 yT /Mparts of the nucleic acid sequence as defined in i) f ii) / 

" iii) or iv) consisting of at least 300bp, preferably at least 
"40Qbp, more preferably at least 450bp, most preferably at 
least SOObp 

45 
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Preferred filamentous fungi axe 'those mentioned above. The afore- 
mentioned nucleic acid sequences are hereinbelow also termed 
-PKS-marker" - 

5 The functional equivalents of the nucleic acid sequence set forth- 
in iii) which, owing to the- degeneracy of the genetic code, can 
be deduced from the amino acid sequence shown in SEQ ID NO: 4 by- 
back translation having at least an identity of 37% , 38% prefer- 
red of 39%, 40%, 41%, 42%, 43%, 44%, 45%, 46%, 47%, 46%, 49%, 
10 50%, 51%, 52%, 53%, 54%, 55%, 56%, 57%, 58%, 59%, 60%, 61%, 62%, 
63%, 64%, 65% more preferred of 66%, 67% r 68%, 69%, 70%, 71% , 
72%, 73%, 74%, 75%, 76%, 77%, 76%, 79%, 80%, 81%, 82%, 83%, 84%, 
85%, 86%, 88%, "88%. 89%, 90% most preferred o£ 91%, 92%, 93%, 
94%, 95%, 96%, 97%, 98%, 99% with the SEQ ID NO: 4. 

15 

The functional equivalents of the nucleic acid sequence set forth 
in iii) which, owing to the degeneracy of the genetic code, can 
■ * be* deduced from the amino acid sequence shown in SEQ ID NO: 6 by 

• ' b^ck- translation" haying at least an identity of 38%, 39%, 40% 

; „., 'v a - -^ ef .^^.«|. 4i yj- r - 4 j s . ; '43%- -tt^ -45%r"46%,- 47%, 48%, 49%, -50%, - — — • — 

51%, 52%, 53%," 54%, 55%, 56%, 57%, 58%, 59%, 60%, 61%, 62%, 63%, 
■ 64%, 65% more preferred of 66%, 67%, 68%, 69%, 70%, 71%, 72%, 

73%, 74%", 75%, 76%, 77%; 78%, 79%, 80%, 81%, 82%, 83%, 84%. 85%, 
: \f " "~ : 86%, - 88%, " 88%, -89%v"90% most preferred of 91%, 92%, 93%, 94%, - 
■1 : ?7^25 r -95'€7 l ?6%;' 97%-,. _ 98%, 99% with the SEQ IDi"N0.:-6 . \. .\ * : . . 

:v --.-%« -vo.-^ ^g e ^f^itio : ni*^^ "ti»"i^reiitf- : atet'd *sec^ene^.sefe^ortKV " : ; - 

' in iii) which; owing to" the degeneracy of the genetic code, can 

* be deduced" from the amino acid sequence shown in SEQ ID NO: 8 by 
30 back translation* having at least an identity of 39%, 40%, 41%, 

.42%, 43%, 44%, '45%,* 46%, 47%, 48%, preferred of 49%, 50%, 51% 

' 52%, 53%; 54%^ 55%, 56%; 57%, 58%, 59%,* '60%, 61%, 62%, 63%, 64%, 

- - 65%; 66%, "67%, .68%, 69%, 70%' more preferred of 71%, 72%, 73%, 

74%; 75%, -76%; 77%; 78%, 79%, 80%, v 8l%, 82%, 83%, 84%, 85%, 86%, 

35 88%, 88%, 1 B9%', .90% most preferred of 91%, 92%, 93%, 94%, 95%, 

96%, 97%, 98%, 99% with the SEQ ID WO: 8. 

* The functional "equivalents of the nucleic acid sequence set forth 
in iii) -"which, owing to the degeneracy of the genetic code, can 

40 be deduced" from* the amino acid sequence shown in SEQ ID NO: 10 by 
back translation having at least an identity of 48%, 49%, 50%, 
51%, 52%, 53%. 54%, 55%, 56%, 57%, preferred of 58%, 59% 60%, 
61%, 62%, 63%. 64%, 65%. 66%, 67%, 68%. 69%, 70%, 71%, 72%, 73%, 
74%, 75% more preferred of 76%, 77%, 78%, 79%, 80%/ 81%, 82%. 

45 83%, 84%, 85%, 86%, 88%. 88%, 89%, 90% most preferred of 91%, 
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% with the SEQ ID NO:10- 
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The functional equivalents of the nucleic acid sequence set forth 
in iii) which, owing to the degeneracy of the genetic code, can 
be deduced from the amino acid sequence shown in SEQ ID NO: 12 by- 
back translation having at least an identity of 36%, 37%, 38% 
5 preferred of 39%, 40% 41%, 42%, 43%, 44%, 45%. 46%, 47%, 48%, 
49%, 50%, 51%, 52%, 53%, 54%. 55%. 56%, 57%, 58%, '59%, 60% more 
preferred 61%, 62%, 63%, 64%, 65%, 66%, 67%, 68%, 69%, 70%, 71%, 
72%, 73%, 74%, 75%, 76%, 77%. 78%, 79%, 80%, 81%, 82%, 83%, 84%, 
85% most preferred of 86%, 88%, 88%, 89%, 90%, 91%, 92%, 93%. 
10 94%, 95%, 96%, 97%, 98%, 99$ with the SEQ ID NO: 12. 

The functional equivalents o£ the nucleic acid sequence set forth * 
in iii) which, owing to- the degeneracy of the genetic code, can 
be deduced 7 from the amino acid sequence shown in SEQ ID NO: 14 by 
IS back translation having at least an identity of. 32%, 33%, 34%, 
35%, 36%, 37%, 38%, 39%^ 40%, 41%, 42%, 43%, 44%, 45% preferred 

of 46%; 4->%;* 4§%; 49%- 50%, 51%, 52%, 53%, 54%, 55%, 56%, 57%, 

58%, 59%- 60%,' 61%; 62%; 63%, 64%, 65%, 66%, 67%, 68%, 69%, 70% 
mare preferred- of- 74% 72%, 73%, 74%, 75%,, 76%,, 77%", J78%_, v 79%, 
20 80%, 81%; 82%; 83%, *84%, 85%, 86%, 88%, 88%, 89%, 90% most pre- 
ferred** of 91%', 92%; 93%, 94%, 95%. 96%, 97%, 98%, 99% with the 
SEQ ID N0:14. 

t. * Ari pt'her Vei^p^nien^ present invention are plasmid vectors 

; "^'25 : ~ f or filamentous -fungi' comprising 'a;, 
: ;-^ r -~-^ vectors, are .either vectors currently™-" " 

used'*for targeted transformation oi filamentous' fungi e *g' lt biicli ~ 
' as pAN7 '(Punt efal; 1987 Gene 36:117-124) and other vectors that 
*"* "are well known* by "the " skilled artisan or plasmid vectors accord- 
30 ing to* the 'invention; preferably plasmid vectors according to the 
invention. 

"All "of. "the above-me'ritioned vectors comprising the PKS gene-frag- 
ment are hereinbelow termed as "PKS-vectors" . s 

35 

% . - 

All vectors according to the invention not comprising the PKS 

gene-fragment as set forth in i) to iv) are hereinbelow termed as 

^non-PRS-vectors" . 

40 The present invention furthermore encompasses .a method for pre- 
paring mutated f ilamentous fungi, comprising the steps of trans- 
ferring a non-PKS vector or a PKS-vector into a filamentous fun- 
gi; and selecting clones of said filamentous fungi, which contain 
at least one genetic marker introduced by said plasmid vector. 
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The term filamentous fungi as well as preferred fungi for this 
purpose are those mentioned and defined above. 

In a preferred embodiment t the method for preparing mutated fil- 
5 amentous fungi, comprising the following steps 

a) transferring a PKS-vector into a filamentous fungi; and 

b) selecting successfully transformed filamentous fungi by the 
10 absence of colour. 

, If a PKS-vector is * transferred into a filamentous fungi, the dis- 
ruption' of the'PKS gene leads to a loss of colour whereby the de- 
gree' of transf ormatioh can be determined easily. Resulting trans- 
• 15 ; f ormants- are white" in -contrast to the colored wild-type. Thus, 
* the selection according " to step b) is done by monitoring the ab- 
* sence' of ..melanin : i*^ fungi. In a preferred embodi- 

- : -ment;. the** absence*" of pigment is monitored by optical means. 

20 In" a more preferred" e^odiment, the PKS-vector comprises at least 
■an additional" Selection marker, preferably the hygromycin resist- 
ance * gene ; In a -particular preferred embodiment, the selection of 

- •* 'tne : succes fully" transformed filamentous fungi comprising .a PKS- 



- --in -further embodiment of the invention, the selection of the 
30 succesfully* transformed filamentous fungi comprising a non-PKS- 
- * 'vector* can"" be "carried"" out by hygromycin resistance of sucessfully 
transformed clones. 

* ' Xf a nori-PKS-vector is "used, the vector is linearized by a re- 
- -3*5 striction enzyme* cutting in the nucleic acid sequence region of 
element" d) Also : nucleic acid -sequences exceeding 2000 bp can be 
** used'" what can be disadvantageous as mentioned above; If a PKS- 
" vector" is used', the plasmid vector is transferred into a filamen- 

• * tous fungi with the proviso said vector beeing linerazed by a re- 
40' strict ion enzyme* in* PKS ^marker nucXeic acid setjuence. Contrarily 

* to the non-PKS-vec tors) the nucleic acid secjuence to be expressed 
recombinantly can also be smaller than 400bp. 

In" addition to the aforementioned selection methods set forth in 
45 step aj to c) homologous recombination can be confirmed by PGR 
"based on oligonucleotides preferably derived from the vector se- 
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quence flanking the 5 and 3 region of the gene to be inserted. 
Specific examples of these primers are given in the examples . 

The plasmid vector may be transferred into the filamentous fungi 
5 to be transformed by methods familiar to the skilled worker, pre-- 
f erably via protoplast preparation with driselase or driselase ' 
and glucanase as lytic enzyme. 

The above-mentioned transformation xnethods can be also realized 
10 in' a high throughput screening. Using high throughput screening, 
many different clones are obtained in parallel so that large num- 
bers of sucessfully tranformed clones' of filamentous fungi can be 
<3uickly screened, 

1S " 'The "term filamentous fungi as well as preferred fungi for this 
purpose are those mentioned and defined above. 

' Due" "to tlie^'convenieii-cre of the vector, the above-mentioned. KO- 
- * r " ' piasmid* v p^ transformation- and -screening~.of-~.the - 

- 20 mutants can" be" at least partially automated so that the whole 

procedure * can~*alsd be -realized in a high throughput screening. 

* Usirig high throughput system for example for KO-plasmid.prepara- 

- ■ - "tibn aiid E)NA^;ait^lif icatiori by PCR to screen the recombinant mu- 

^'^ixit^^iwifir dif f ^ereAtl : cjLon*es 1 are obtained iri parallel; ;so " that • 
* ^rarge'-fiigrKers^of- ; *suc^ss£ully-: tra^ormed rclone's? can7 berquickly*: : : >v 

" Muta^eiiized f ilamentous "fungi , obtainable according to a method 

* merit ioried~ aE6Ve; ar^ * further encompassed by the present inven- 
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tion. 

* The" inveAtiien'-'is "now "illustrated by the examples which follow, 
but not limited thereto. 
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Examples 



The recombinant* ntisthddS on which the exeicplary embodiments which 
follow are based are now described briefly: 

A: General methods 



Cloning method's such as, for example, restriction cleavages, DNA 

- isolation, agarose gel electrophoresis, purification of DNA frag- 

45 ments, transfer of nucleic acids to nitrocellulose and nylon mem- 
branes, linking of DNA fragments, transformation of E. coli 
cells, bacterial cultures, segueiice analysis of recombinant DNA 
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and Southern and Western Blots were carried out as described by 
Sambrook et al., Cold Spring Harbor Laboratory Press (1989) and 
Ausubel, F-M. et al . , Current Protocols in Molecular Biology. 
Greene Publishing Assoc. and Wiley- Inter science (1994); ISBN 
5 0-87969-309-6. 

The bacterial strains- used hereinbelow (E. coli DH5 or XLl blue) 
were obtained from Life Technologies or Stratagene . The vector 
were used for cloning. DSM: 4527 can be used as F. Graminearum 
10 wild-type strain 8/1 verwendet werden. Restriction maps of the 
vectors pUCmini-Hyg and PUCmini-Hyg TA are given in Fig 1 and 2. 
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B:- Secjuence^ analysis -of recombinant DNA {please check, wether 
this is the method of choice) 



" - * Recombinant DNA" molecules -were sequenced using an ABI laser f luo- 
rescerice- DNA- sequencer following the method of Sanger {Sanger et 
••■al-.v Proc,' Natl Acad: '-Sci. USA, 74, 5463-5467 {1977 ) ) . Fragments 
20 resulting* from* a = polymerase chain reaction were sec^uenced and 
• verified iii order to"- avoid polymerase errors in constructs to be 
expressed. 



C: Materials used:"; " . -J7 

— *-...*- V : " — " ' - 



. -were- -obtained ln^arialytical grade quality from Fluka (Neu-Ulm) , 
-Merck- =(Darinstadt) v Roth- (Karlsruhe) , Serva (Heidelberg) and Sigma 
mm ... .i - (Deisenhof eh) .-" Solutions were prepared using pure pyrogen-free 

...... 30 "water., referred to -in- the following text as H 2 0, from a Milli-Q 

* water "-system purification -unit (Millipore. Eschborn) Restriction 
- ■■ •-er*zyites, • DNA-modi fying - enzymes and molecular-biological kits were 

. \ ■ obtained : from AGS-MHeidelberg) , Amersham (Brunswick), Biometra 
- -■ (G5ttitigen> v.Roche (Mannheim), Genomed (Bad Oeynnhausen) , New En- 
J -gland-Biolabs (Scfcwalbach/Taunus) , Novagen (Madison, Wisconsin, 
" :--uSA) / : Ferkdn-Elmer (Weiterstadt) , Pharmacia (Freiburg), Qiagen 

-"■(Hilden)-"and Stratagene ' (Heidelberg) . Unless otherwise specified. 
. they were* used" following the manufacturer's instructions - 

*°. A X1* of ^ the media and 7 buff ers used for the genetic engineering ex- 
periments were sterilized either by filter sterilisation or by 
heating in the autoclave. 
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Example 1 - Construction of pUCmini-Hyg and E»UCmini-Hyg TA vector 
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A 253 6 bp DNA fragment corresponding to the promoter of glyc- 
erol-^ -phosphate dehydrogenase (GPD1) from CochlSaholus laetero- 
trophus associated to the hygromycine B resistance gene from 
Escherichia coli was amplified by PCR with the oligonucleotides 

5 

PI S * atgaagcttggggtttgagggccaatggaacgaaactagtgtaccaettgacc 3 * and 
P2 5 'gacagatctggegccattcgceattcag 3* 

10 using pGUS5 as template (Monke, S. and Schafer, W. ; 1993, Mol. 
Gen. Genet.* 24l: 73-80) . The PCR is done using standard proto- 
cols; eig." .as - described in Maniatis et al., Mol- Cloning. 

The resulting" DNA fragment: was inserted in the plasmid pFDX3809 
IS' (WO 017 3850 4T" by' the restriction site Hind III and Bgl II 

introduced by' the oligonucleotides PI and P2 . The resulting plas- 
mid pHygB '-selves aS 'template for a further PGR, wherein the Oli- 
gonucleotides 

20 ANK 518 5 % ggaatcggtcaatacactae 3* 

JINK '519 5 v tgtagatctctattcctttgccctcggacgagt 3 % 

" * V ^f * ttd^j.^b'^l^^'eSr" hygromycin B • resistance- gene- specif i- 
^^I'^^S e *^|3^5^ fragment _ compri ^iHsf" 575 ' hp. of.. ther.3:i end..'."- 

1 °. f ^^^S^lAHC-.t^e.- plasriid $>HygB c -y iW ~ the 

" tfestrl'ctiofc^ib^ ii generating the plasndd ^ygEf-M0S"." :> 

Hind III //Ssp* i'DNA - fragment of 2019 bp containing the e*pres- 
30 sidn* cassette GPD1 promoter, the hygromycine B resistance gene 

and* the* r nbr5aline- synthase terminator was isolated from pHygB-NOS 
" " and^ inserted in the* pUCmini plasmid previously treated with EcoRI 
" and* HiruaiI3^ restriction- enzymes to give the plasmid pUCinini-Hyg; 

to do so;"/ the* EcoRI ends were was made compatible with Ssp I by 
33 a; fill-ifa ' treat^oent^iifsing the Klenow fragment of DNA polymerase 

?-:. fi ^?R d version of pUOaini-Hyg, called pUCmini-Hyg-TA. was 

obtained" by the "insertion of the following adaptor in the UJotl/ 

AscI restriction sites of: pUCmini-Hyg: 

40 5* GGCCGCCACGGATATCTTGGCCAAAGAATTCCTGG 3* 
3* v CGGTGCCTATAGAACCGGTTTCTTAAGGACCGCGC 5* 

The" adaptor contains' 2' Xcml restriction sites so that Xcml digest 
45 of pUOnini-Hyg^TA creates T-overhangs that permits direct cloning 
of PCR products "made with the classical Taq-polymerases . 
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Example 2 - Construction of a vector comprising PKS 
SEQ ID NO: PKS was amplified by PCR with degenerated primers 
5 LCI S'-G&C*/c) CCI ( A / C >GI TT(T/ C ) TTi^/ c ) AA(*/ C ) ATG-3 ' 
LC2c S'-GTX CCI GTI CC(V G ) TGC AT(*/ C ) TC-3 ' 

based on the conserved amino acid sequence of the PKS gene se- 
10 quences from Aspergillus nidulans, Colletotrichum lagenarium, Pe- 
nicillium patulum~ and Aspergillus parasiticus (Bingle et al . , 
1999) / Theiroial • cycling* parameters consisted of an initial dena-« 
turatioifat 94°C for 3* min followed by 34 cycles of 94°C for 1 min 
* (denaturatibn)' , 5S«>C"for*l min (annealing), 72°C for 3 min (exten- 
15 sionV ancd T a? : ± ixial extension at 72°C for 10 min according to stan- 
V ' dard procedures. The" resulting PCR product was cloned into the 
*"-pGEM-T vector" (PromegaV Mannheim, Germany) to give the plasmid 
' - ■ : pGEM^T7~PiCS83 3* and- sequenced. A 633 bp DNA fragment (2236bp to 
28'7bbp- of- SEQ* "rb"N0:l) was amplified by. PCR using the oligpnu- 
20 cleotides 

7 •' ANKS93 ' ATAAGAATGCGGCCGCAATGGCCCTCGAAACAGC 3* 

J.^c.: ; ""-^m?KS94 * S* AAATGGCGCGCCGCGCCCAGAATGACACG -3-V- - * . / VV *; • *' ' - 

. r2S-".^ r-. ■ v • " > y .;• • V. Z . 

•r:: tv" -^;£'iS^'g£ 0 fi'|-d "lnt"d~ the;"pi'asmid -PU<^ni-Hyg -the; xe&prictton 

sire Natl* an'd 7 Asci ""isreseiit in the oligonucleotide sequences. The 
*• resulting' pi asmid pUCmini-Hyg-PKS is used for homologous recom- 
bination. 

30 

Th'e flanking" regions of the putative PKS DNA fragment were ob- 
tained by 'inverse PCR (Triglia T, Peterson MG, Kemp DJ, Nucleic 
' Acids" Res "19 8S ""Aug"25;16 (16) ^8186) . Genomic DNA was treated with 
the restriction" enzymes PstI, NcoX, or Xhol respectively- DNA was 
35 then self -ligate'd" to get circular DNA molecule. The latter was 
" used' as- template' for the inverse PCR reaction using the primers 
PI A": 5~' - TGCCACCTGTAGTCTGCAATCAG 3 ' and P2A: 5 ' TGACTAACCCTGA- 
Ci^CTTCGCTG 3 ~~ deduced from the putative PKS DNA fragment of the 
plasmid pGEM-T/PKS833 described above, 

"in* a second step 1 , the* PCK product was reamplified with the nested 
primers' P1B -.5' CCAGGATCCGACTGCTCAG 3' and P2A : S ' CTACATCGAGATG- 
CACSGCAC 3 ' "(deduced* from the PKS DNA fragment of the plasmid 
pGEM~T*/PKS833) , cloned" into the pCR-XL-TOPO vector (Invitrogen) 
45 and sequenced. As result we got the two flanking regions of the 
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known PKS fragment linked on a PstI, Ncol or Xhol restriction 
site, respectively set forth in SEQ ZD N0:1. 

Ex ample 3 Transformation of F. graminearum 

5 

50 ml of CM-medium (Leach et'al-, 1982, J. Gen. Microbiol. 128: 
1719-1729) were inoculated with approximately 10 s conidia, and in- 
cubated for 2 days at 28°C, 140 rpnw Resulting hyphae were homoge- 
nized in a Warring-Blender; 200 ml CM were inoculated with 10 ml 
10 hyphal suspension, and incuhated overnight at 24°C. Mycel were 
trapped on a sterile filter, and washed two times with sterile 
wat o ef . 2 g of the hypha^e were resuspended in 20 ml Driselase/Gij-u- 
canase' (Interspex * Products, San Maneo, USA; 5% / 3% in 700 niM 
• NaCl, "pH* 5.6)*, and digested 2V4 to 3 h at 28°C, 75 rpm. Undigested 
15 hyphal were removed- from ' the protoplast suspension by filtration 
through gau2e and Sybold membrane (50 Jim pore size) . The proto- 
plast T suspension were * combined with 700 mM NaCl and again passed ' 

— through the-gau2e and" the Nybold membrane. The protoplasts were 
- pelleted- by-centrifugation (1300 x g) in a swing-out Rotor and 

20 washed- two 1 times "with ice-cold NaCl 700 mM and centrifuge (830 x 
g) . -Then "the protoplasts* were resuspended in STC (0.8 M sorbitol, 

* 50 niM Tris-HCl pH' 8. : 0*;' ; 50 mM CaCl 2 ) and store on ice until trans- 
formation (maximal 1 week) . 

•*25 -Fd'£ transforation*^ were resuspended in 4, partsT'STC 

% 'i^aMd^^%kit SP^CN ( G:. L 8l^ . ^* 

50' mM* : TrIs^Hb-FpH T 8^0V 50" : mM CaCl 2 ) at a concentration bf:0.5-2~*x * 
10"8Vml7 -30- Jig £ of- thS pUCmini-Hyg-PKS plasmid DNA linearized with 
--the \ffcbi : 7lxI*-restriction site inside the PKS fragment and 5 jjiI 
30 heparin (5"rog7ml in*" STC)* were added to 100 pi of the protoplast 

- -suspension *in : * 10 ml- tubes. After mixing, samples were incubated' 

* on Ice *f or 3'0'-min . ■ i ml^SPTC was mixed to the suspension and in- 
ctcbated at r-ootiT temperature for 20 min. Protoplasts were mixed 
gently into 200 ml regeneration medium ( 0.1% (w/v) yeast ex- 
SB-tract, 0.1% (w/v) caseinhydrolysate, 34.2% (w/v) sucrose, 1.6% 

(w/v) -granulated Agar) at" 43°C and spread on a 94 mm plates (20 ml 
per piate*) .♦ The plates we're incubated at 28°C. After 12-24 h, the 
plates- were ' overlaid with 10 ml per plate water based selective 
medium *(16g/l' granulated agar, 100mg/l Hygromycin- and further in- 
40- cubated at 2B°C 'until" trans formants were obtained, which were 
transferred to" fresh CM-Hyg-plates (consisting of CM-media, 
100 ^ig/ml hygromycin and 2% (w/v) Agar. The transf ormants were 

* isolated by single spore isolation. For generation of conidia, 
the trarisf ormants were cultivated on SNA plates (Nirenberg, 1981, 

45 Canadian J . Botany 59: 1593-1609) under UV-light 7-14 days at 18°C. 
Dilutions of conidia were plated on CM-Hyg plates, and single 
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colonies were transferred from these plates to fresh CM-Hyg 
plates . 



Example 4 Southernblot analysis 



Genomic DNA was isolated from "frozen hyphal material using the 
Puregene Genomic DNA Isolation Kit (Gentra Systems, Minneapolis 
USA) and digested for 6 h with NruX restriction enzyme. The ge- 
nomic DNA was separated by electrophoresis on a 1% (w/v) agarose 

10 gel arid blotted onto a nylon membrane (Hybond NX; Amersham Phar- 
macia Biotech, Buckinghamshire England) . A digoxigenin labeled 
probe was generated by* PGR based on specific prijgaers PKS forward 
5'-GCG CTT GAG ATG GCT 'AGT ATC G-3 ' and and PKS reverse 5'-GTG 
CCG TGC : ATC TCG ATG "TAG— 3 ' " using pGEM-T/PKS833 as template and digox- 

ISigenin labeled "dUTPs by. -PCR- reaction according to the recommendation of 
the manufacturer (Roche Diagnostics QtibH, Mannheim) . PCR conditions 
were-S4°C- for-3 min (initial denaturation) followed by 30 cycles 

• - of 94°C for 30 -s-ec- (denaturation) , S5°C for 45 sec (annealing) . 

~72°e- : for' l~min -(extension) and a final extension at .72°C f or 10 . . 

20 mih/'THe-hon-radioactive hybridization and the detection were 
done -iindef "Highly-" stringent conditions as described in Roche Mo- 
lecular BibchemicsLls'blS Application Manual for Filter Hybridiza- 
• tion (Roche Diagnostics GmbH, Mannheim) . 

25 : 'TS-''c'6nt^ the vector construct vintq r the r EKS'' lo- . . 

r- --^Bus^.ail^oi^arison with-\the wilol * .. . : ; 

EF-PKS 5' atgtctceaaaggaagctgagc 3' 

30 ER-PKS 5 'tcgagtgatggatacfcgcttcg 3' 

: "are- constructed based" on the PKS DNA sequence from the plasmid 
pGEM-T-/PKSS33; foxif -universal primers are constructed, wherein 

35 Lac 32 5 * cggctacactagaaggacagtatttggta 3 v 

Lac 93 5* gtcaggcaactatggatgaacgaaatagac 3* 

Lac 94 5 * acccatctcataaataacgtcatge 3 * ; and 

40 

Lac 95 5* caactctatcagagcttggttga 3 % 

permit amplification -of a 412 bp DNA fragment of the hygromycin 
cassette. 

45 
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PCR reactions were conducted in classical conditions: 94°C for 3* 
min (initial dcsnaturation) followed by 30 cycles of 94*C 60 sec 
(denaturation) , 55°C for 90 sec (annealing) , 72*C for 90 sec (ex- 
tension) and a final extension at 72°C for 10 min. 
5 6 recombinant clones resistant to Hygromycine were analyzed by 
PCR using the primer set Lac 94 / Lac 95 specific for the hygro- 
mycin resistance gene. All the mutants were found to present the 
expected DNA fragment of 412 bp indicating the integration of the 
plasmid pUCmini-Hyg-PKS in the genome. 

10 

A 712 bp corresponding to the PKS gene could be amplified with 
the primer set EF-PKS/ER-PKS mentioned above using genomic DNA 
from a wild type* strain; on the contrary no PCR fragment, were am- 
plified with genomic DNA from the recombinant clones indicating 
15 that the PKS gene is disrupted by the insertion of pUCmini-Hyg- 
PKS. This was -confirmed by PCR amplification EF-PKS combined with 
Lac 93 (hybridizing to the plasmid backbone near Not I restric- 
tion site) and ER-PKS combined with Lac 92 (hybridizing to the 

plasmid baclcbone near-Asc-I restriction site) . in both cases, DNA 

" : 20" ErigmSiE's of-SBout '600 bp were *aH£>lif ied for- the recombinant . 
•clones but not for -the wild type strain (WT) . All together the 
PCR analysis using the different primer sets proves that the 
plasmid pUCmirii-Hyg-PKS-was targeted specifically in the PKS lo- 
cus Hy homologous recombination. This process permits to disrupt 
* : 2i5 : .tlife "PKS^g;ene: giiice-the- recombinant mutants were f ound ~to lack, the 

Brief description of the figures 
30 Figure 1: Map of pUCmini-Hyg 
Figure 1: Map of PUCmini-Hyg TA 
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Claims 

1. A plasmid vector for targeted transformation of filamentous 
5 fungi comprising 

a) an origin of replication for a host organism which is not 
. oric/inating from the filamentous fungi to be transformed; 

10 b) a selection marker for a host organism not originating 

from the filamentous fungi; 

c) • a promoter facilitating recombinant expression in fungi 
" that is functionally linked to the coding region of the 

IS • hygromycin,. resistance gene which is functionally linked . 

- - to a* terminator which facilitates transcription termina- 
tion in filamentous fungi;' 

- wherein, the overall size, of m the _ elements ..a) b) .and c) does . 

20 not exceed 4500 bp; and 

d) . .a nucleic ..acid.. sequence r which is homologous to. -nucleic 
. . - rr- - acid sequences.' of the target organism and makes homolo- 

„gous recombination in the--f ilamentous fungi possible. 

.*:«-. . ..... 25 *V'- M _- • ."*-:.-, v - irw ; r . • - - 

w.?* ^ /.j?^;.^ t : he^ aii origin :.. - 

"rc/-r-<of .replication a)" originates from bacteria. 

3. ' „A plasmid -vector- as claimed in claim 1 to. 2, wherein the 
30. . : selection, marker b) imparts a resistance to antibiotics. 

.4. r.A plasmid.. vector according to claim 1 to 3, wherein the pro- 
. . . . . -motor.of .:. element c) is selected from the group consisting of 

s '.the GPD-1-7- PX6-, -TEF-, CUP1-, PGK-, GAP1-, TPI. PHOS-, AOX1, 

35- • • GAIrlO/CYC-l> .CYCl? OliC-, ADH-, TDH-, Kex2-, MFa- and the 
NMT-promotor . 

.•5: A plasmid' vector according to claim 1 to 4, wherein the ter- 
minator of element c) is selected from the group consisting 
40 • of \the- A03Cl^, *nos-, PGK-, TrpC- and the CYC1- terminator . 

6 . A plasmid vector according to claim 1 to 2 f wherein the pro- 
motor of element c) is the GPD-l-promotor and the terminator 
of element c) is the nos-terminator . 

45 
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A plasmid vector according to claims 1 to 6, wherein the nu- 
cleic acid sequence d) is functionally linked to a promoter 
facilitating recombinant expression in filamentous fungi - 

5 8. , A plasmid vector according to claims 1 to 7, wherein the nu- 
cleic acid sequence d) is functionally linked to a transcrip- 
tion terminator facilitating recombinant expression in fila- 
mentous fungi. 

10 9. A selection marker comprising a nucleic acid sequence enco- 
ding a polyketide snythetase fragment, wherein said nucleic 
acid sequence comprises 

• > « 

* i . a nucleic . acid, sequence shown in SEQ ID NO : 1 or SEQ ID 
IS N0:2; or 

ii . a. nucleic acid sequence which, owing to the degeneracy of 
the. genetic code, can be deduced from the amino acid se- 
- , -V • quen.ee shown in SEQ ID N0:4, SEQ ID NO : S m SEQ ID NO: 8 , 
■20 - : .'SEQ ; ID NOTl0,^SEQ-ID N0:12 or SEQ ID N0:14 by back trans- 

lation; or 



" iii^- functional "equivalents of the nucleic acid sequence 
- •* - - - - which, owing to the degeneracy of the genetic code, can 
- •* ■'"■??/? -••--••J he- deduced, -by; back translation from a functional eqjiiva- 
- ±-±-y:i:zviz£ hV.^y; i'enlt h'f "ah . amino --ac.id sequence shown in SEQ ID NO: 4 that 
'z V *■ 5* *t5\»" t i*?has^r it. . *1 ess t « an -* i den t i ty " Of * 5 9 % : wi th "the 'SE : Q Xb'NDri ox 
. . .- •.from a functional equivalent of an amino acid sequence 

shown in "SEQ*. ID* NO: 6 that has at least an identity of 41% 

30- " " with the* SEQ^ID NO: 6 or from a functional equivalent of 
" - an amino acid sequence shown in SEQ ID NO: 8 that has at 
* least* an* identity of 49% with the SEQ ID NO: 8 or from a 

functional equivalent of an amino acid sequence shown in 
.V*-- SEQ ID NO: 10 that has at least an identity of 58% with 
35 * the ' SEQ ID- NO: 10 or from a functional equivalent of an 

♦ -aitviho acid- seejuence shown in SEQ ID NO: 12 that has at 
• **'*..« least an. identity of 39% with the SEQ ID NO: 12 or from a 
**• * functional' equivalent of an amino acid sequence shown in 
" SEQ ID .NO: 14 that has at least an identity of 46% with 
40 . the SEQ ID NO: 14; or 

i v. ' functional equivalents of the nucleic acid sequence shown 
in SEQ ID N0:1 having at least an identity of 80% with 
the SEQ ID N0:1 or functional equivalents of SEQ ID NO: 2 
45 ' having at least an identity of 80% with the SEQ ID N0:2; 

or 
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v. parts of the nucleic acid sequence as defined in i), ii) , 
iii) or iv) consisting of at least 3 00bp. 

10. Use of a nucleic acid sequence as marker for targeted trans- 
5 formation in filamentous fungi said nucleic acid sequence 

comprising 

i. a nucleic acid sequence according to claim 9; 

10 ii. functional equivalents of the nucleic acid sequence ac- 

cording to claim 9 which, owing to the degeneracy of the 
genetic code, can be deduced by back translation from a 
functional equivalent of an amino acid sequence shown in 
SEQ ID NO: 4 that has at least an identity of 37% with the 
15 SEQ ID NO: 4 or from a functional equivalent of an amino 

acid sequence shown in SEQ ID NO: 6 that has at least an 
identity of 38% With the SEQ ID NO: S or from a functional 
- equivalent of an: amino acid sequence shown in SEQ ID NO: 8 

^..l:;- that. hasr,at: least- an identity of, 39.% .with the SEQ ID NO: 8- 

20* •- or" from a functional equivalent of an amino acid sequence 

. j shown in SEQ ID NO: 10 that has at least an identity of 
48%* with the SEQ ID NO: 10 or from a functional, equivalent: 
* i:- . of an amino acid- sequence shown in SEQ ID NO: 12 that has 
at-" least* an- identity of 36% with the SEQ ID NO: 12 or. from 
-25^.?->:' fe^-a <f\"kft=.t^ shown — 

O^-u::*); V**^-"SEQ "SO^W'that has at- least- .an- identity .Jof ; 32%" with. 
Che SEQ ID NO: 14; or 

iii: parts of the nucleic acid se?quence as defined in ii) con- 
30 sisting of at least 300bp. 

11. * A. plasmid vector.-, for targeted transformation of filamentous 
.-fungi additionally comprising a selection marker comprising a 

nucleic* acid sequence .encoding a polyketide synthetase frag* 
35 ment said nucleic acid sequence comprising 

i. -* a nucleic acid sequence according to claim 9; 

ii. functional equivalents of the nucleic acid sequence ac- 
40 cording to claim 9 which, owing to the degeneracy of the 

genetic code, can be deduced by back translation from a 
functional equivalent of an amino acid sequence shown in 
SEQ ID NO: 4 that has at least an identity of 37% with the 
SEQ ID NO: 4 or from a functional equivalent of an amino 
45 acid sequence shown in SEQ ID NO: 6 that has at least an 

identity of 38% with the SEQ ID NO: 6 or from a functional 
equivalent of an amino acid sequence shown in SEQ ID NO: 8 
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that has at least an identity of 39% with, the SEQ ID NO: 8 
or from a functional equivalent of an amino acid sequence 
shown in SEQ ID NO: 10 that has at least an identity of 
48% with the SEQ ID NO: 10 or from a functional equivalent 
of an amino acid sequence shown in SEQ ID NO: 12 that has 
at least an identity of 36% with the SEQ ID NO: 12 or from 
a functional equivalent of an amino acid sequence shown 
in SEQ ID NO: 14 that has at least an identity of 32% with 
the SEQ ID NO: 14; or 

iii. parts of the nucleic acid sequence as defined in ii) con- 
a sisting of at »1 east 300bp. « * 

12. A plasmid vector for targeted transformation of filamentous 
15 fungi" as cl'aimed- in claims 1 to 8, additionally comprising a 

selection marker comprising a nucleic acid sequence encoding 
a polyketide synthetase fragment said nucleic acid sequence 
comprising 

20 i. nucleic acid sequence according to claim 9; 



10 



ii. functional ".equivalents of the nucleic acid sequence ac- 
cording to claim- 9 which, owing to the degeneracy of tiie 

- ! :-.r t genetic .-code-, -can -be., deduced by back translation from a- 
m ^2S'-**f- aci*- fukct2*ona!L-e : q^iiValent of an -.amino acid sequence- shovrri- in ■ 
ff .vj -2? -^-SEQ^ID 'SlO : % 4-.ttiat>-haS at-ieast_an identity of -.3*7% with'the./. 

" ■* T • SEQ- ID~*NO': 4"* or" from a functional equivalent" of an amino * 
acid sequence shown in SEQ ID NO: 6 that has at least an 
identity- of 3 8% with the SEQ ID NO: 6 or from a functional 
30 equivalent of an. amino acid sequence shown in SEQ ID NO: 8 

- - • • * " that- has at" least- an identity of 3 9% with, the SEQ ID NO: 8 
or - from a functional equivalent of an amino acid sequence 
- shown in SEQ ID NO: 10 that has at least an identity of 
48% with- the SEQ ID NO: 10 or from a functional equivalent 
35 ' ' of an amino acid sequence shown in SEQ ID NO: 12 that has 
"at least- an identity of 3 6% with the SEQ ID NO: 12 or from 
a functional" equivalent of an amino acid sequence shown 
in SEQ ID NO:14 -febat has at least an identity of 32% with 
the SEQ ID NO:14; or 

40 

iii. parts' of tbe nucleic acid sequence as defined' in ii) con- 
sisting of at least 300bp. 

13. A method for "preparing mutated filamentous fungi, cotr*prising 
45 the following steps 
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a) trans f erring a plasmid vector according tip claim 11 or 12 
into a filamentous fungi; 

b) selecting successfully transformed filamentous fungi by 
5 the absence of colour. 

14. A method as claimed in claim 13, "wherein the plasmid vector 
comprises at least an additional selection marker. 

10 15. A method as claimed in claims 12 to 14, wherein the selection 
is confirmed by PCR- 

16. A method as claimed in claims 12 to 15, wherein the filamen- 
tous fungi are succesuflly transformed and identified in a 
15 high- throughput screening. 
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Plasmid vectors for transf ormation of filamentous fungi 
Abstract 

5 

The invention relates to novel plasmid vectors for' transformation 
of filamentous fungi and to a method of modifiying the genome of 
filamentous fungi based on these vectors. The invention further- 
more relates to the modification of a specific gene via the pro- 
10 cess of homologous recombination/ to recombinant expression of 
foreign genes in filamentous fungi and to new selection markers 
for, detecting succesfulj transfer of the target gene. * 
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i* SEQUENCE LISTING 

<110> BASF Aktiengesellschaft 

<:120> Plasmid vectors for transformation of filamentous fungi 

<130> 20020174 

<140> 
<141> 

<160> 14 

<170> Patentln Ver. 2.1 

<210> 1 
<211> 5888 
<:212> DNA 

<213> Fusarium graminearum 
<:400:> 1 

atcgagtttc gtgttgcgtg ; tcatggtgta gcgaacaata ccatactcct ccatcaaagg 60 

gccgacgagc ttgg.catgga..cct.ttgtcat atggtgcctg tactctttct cgctaagaga 120 

r- 1 - aggtttt.ttg/ .taggccgtgai^ tggttaggca aacaagggta tcaggttgac cggtgaeagt 180 

tgcctcatga gaggtfctctt-gggtatcact atgaggcgac atgatgcagg ttggagtttg 240 

ctatcgaagt gctgggtagg.. atttggttga cagagtxgca taaactggag ctctggatac 300 

gcaaggggtc* a'taagagtat. ggatacgccg tcgattagaa getgtcagat ccagtgcatc 360 

aatggcccga^a.cgacgagag.attgctgctc ggcactgaaa gtctgcagcg cgcncgcccc 420 

-•..--ggag.ttatct^.ctacagc.tge:^ccgaatgac gaacaagcce gactatccat gtccgacgag 480 - 

cecggaccga.r:cgcga : t.ccga^atgc:tgtcta acacttacca agacaatcac ggggtanctc 540 

c : tgaatta1:ga^;ttg.tg.tt:gc.t': paagcagcta atcccaactc^ ttaatcacgt caagtgccat; 6.00 

••^gctta'cctgt^attatcatct^gtcaticaaca. taccaaexec tatatatagg ggactgxgct 660 

tcattacctc. tccagtaaca.-actacttgga gttcaaacca catttcaact tactctttta 720 

.gttcattcaa catgacc.cca- tcaatgatgg aggcatccgc ttttggggac caaagcacac 780 

gctttgcecc" .tccactgaaa-gacctactcc tcaaaggcaa cagtccttac ttgacacatt 840 

ttgttaaaca • agttcacgca cttcttagaa gggagatacc acccttgccg gcagttcaac 900 

agaagctttt cccaaacttt gccgacattc aggaactcgt ctccaagtca gattggggca 960 

gcggcaacce- cgctttgaca- agcgctttag catgctttta ceatctttgc agtttcattc 1020 

agtgagtaac ataaceaagt .acccatagat ctctcctgac catccagcct tttacgatgg 1080 

acaaggtcgc acctttpctt. cggagaacag tcgcattatt ggactttgcg ttggttcact 1140 

• cgctgctact. getgtcagfct gctccacatc actgagtgaa ttggtatcag ctggtgtaga 1200 

tgctgttcgt gtgg'cattgc acgthg£act acgggcacgg cgaactaccc ccctEttcga 1260 

tgtaccagac aggccctccg ccacttggtt cataattgtg cccgaggcag tactaccaag 1320 

agaatctgcg caagaccgac ttgactcacc caccantgaa atggtaagca attctttgtc 1380 

' cttggagctc tcataaaaca tattcactct tctttaggga cttgctcgat catcagttcc 1440 

ttacatcagc. tcggtcgcac atcacaacat gaccatcagt ggtccaccat ccgtcctcga 1500 

aaagttcatt cacagtatat caacatcacc gaaagatcet cttceagtgc cgatetatgc 1560 

tccgcaccac gccagccatc tttacagcat ggatgatgta gacgaggtcc ttagcctgtc 1620 

tgcaccttct tttgcatcag agtccatcat tccactcatt tcaagctcct cgggtgacga 1680 

gttacagcca ctcaagtatg cagatctact ccgccgctgt gttagtgata tgctcataca 1740 

gccactggat cttaccaagg. tctcacaagc agtggcccag cttctcgagg ctagctcatc 1800 

tacacgtgcc ataataaagc ctatagcaac cagcgtctcc aacagtctag tgtctgtttt 1860 

ggagccgacg ctagcagaac gacgcgccgt ggacaacagc atggggccca aagcctcgac 1920 



93 bVXfiS 3b dSbfl 6£:t?I 2Q02-inr-S0 



BASF Aktiengeseir^^aft 20020174 o.Z. 00^^3691. B» 

.4 

\ 2 
cagccactca ccagcagaga cacaaaccga gtcatcaagc aagaactcea aaafctgegat 1980 
tgttgctatg tctggtcgct ttccagacgc agctgacttg agtgaattet gggatcttet 2040 
. ctacgaaggt cgcgatgttc atcgacaaat tcccgaggac cgattcaacg cagagctcca 2100 
ttacgacgct actgggcgac gtaagaacac eagcaaggtc atgaatggct gcttcatcaa 2160 
ggaaccagga ctgttcgacg ctaggttctt caacatgtrct ccaaaggaag ctgagcagtc 2220 
ggatcctggc cagcgaatgg cectcgaaac agcttacgag gcgcttgaga tgg-ctagtat 2280 
cgtaccagac agaacacctt cgacaeagag agatcgcgtx ggcgcgttct acggcatgac 2340 
tagcgatgat tggagagagg tcaacagtgg gcagaatgtc gacaettatt ttattcetgg 240 0 
taagttgttt gttcgcgttt cacgacaaca ctgattgcag actacaggtg gcaacagagc 2460 
gttcactcct ggtcgactca actacttctt caagttcagt gggcctagcg ctagtgttga 2520 
tacggcttgc tcctccagtc tcgttggctt gcactcggct tgcaactrecc tctggagaaa 258 0 
tgattgcgat acagctattg cgggcggaac caatgtcatg actaaccctg acaacttegc 2640 
tggtttggac cgaggccarft fccctafccfcca agaaccg^ta agtetctcac agatcttgga 2700 
agetcccttc cttttagtgt. .ttttactgac cttgttccag gcaactgcaa cacctttgac 2760 
... gatggagcag-i acggatac.tg; tcgagctgat ggcgtcggaa ccatcatcct caagcggctt 2820 
gaggacgccg-aagctgacaa .tgaecctatt ctcggtgtca ttctgggcgc tcacacaaac 2B80 
cacteagceg aageagtatc. eatbactcga ccacatgccg gagctcaaga gtacatcttc 2940 
-.tceaaactcc tccgtgagtc gggcaccgat ccctacaacg ttagctacat egagatgcac 3000 
- - -ggcacaggca- ctcaagccgg- cgacgcaacc gagatgacat ccgtcctcaa gacgtbcgct 30 60 

cctaccagcg;..gcttcggcgg.-tcgattgcct caccaaaacc. ttcacttggg ttcagtcaag 3120 

gccaatgtcgv ggcacggtga atccgcatct ggtatcattg ctctgatcaa gacgctgcfct 3180 
. atgatggaga .agaacatgatrcccgccgcat tgtggtatca agacaaagac eaatcaceat 3240 
tttcctacgg\atc.tcactca..gc;g , caatgtc catatcgcca aagttccgac atcttggaca 3300 
. agatcgggtcraagccaatcq. aegeafctgcfc fctcgtcaata aettctctgc cgctggfcggt 33 60 
-c : l . ; -. :oaactc.tgccg;:tcctactgca:. agatgcccec cagecatcgg tagtttcgga tgttacagac 3420 

v rvj^ t .n-cc tcgqacater'ccca tgfe^glbivca^ caggaagaac;.3 4*8 0. . . - 

*VC^>ctcgcca^ caaggcgacc cggaggtcgg^cttcctgagc 3540 • - - «■ 

'-*kagctg.tcct--a^ atgcat'catc aat'tccgagc ttcggtcfaca 3600 

-gcacagactc:.g.tgaacagct-gptgaagggc cttgattccg ecattgaacg ccaggatgtg 3660 
. aagaggatqc: ccgccgccgc • gccetctgfcc ggctttgtgt ttagcggcca aggegcccaa 3720 
taccgtggta* tgggcaagga g.tactttaca tctttcacag ccttccgctc tgagatcatg 3780 
tcttacgaca gtatcgccca, .agcccaaggc ttcecgtcaa tcctcccsLct gatccgagga 3840 
* gaggtggaag* etgactcgtt gagtectgtt gagatecagc tgggtetcac ttgcctgcag 3900 
\ acggcaccgg- ; ccaagctatg gaagtcattc ggtgttgagc eaggctttgt tctcggacac 3960 
-agcttaggcc-.actatgctgc. tttacacgtc gctggtgttc tgtccgccaa tgataccatt 4020 
..tacctcactg..gcatcagage gcagccgctc gtggataagt gccaggcagg aacccactca 4080 
atgetggeag tgagggcatc. ..cttactacag atccaacagt tcctcgatgc caacattcac 4140 
.gaggt.tgcat-.gtgteaatgg. ttcacgagaa gtcgtcatca gtggaegcgt tgccgacatt 42 00 
gaccagctgg; ttggcctttt.:gtcggctgac aacatcaagg cgacccgcgt caaggtgcca 4260 
. tttgccttcc acteagcgca ggttgacccc afctctctccg acttggatac agcggcgtcg 4320 
cgcgtcacct: .tccactccct- ccagattcct gttctttgtg c'ccttgacag ctctgtcatc 43 80 
agccctggaa. accatggtgt.. cattggtccc cttcatctac agcgacattg tcgtgagaca 4440 
gtcaactttg agggtgctct acatgctgcg gagcacgaga agatcafccaa caagacatca 4500 
actctatgga- tcgagattgg tccccatgtt gtctgctcta ccttcctcaa gtccagcctt 4560 
ggtccaagca cacctgccac cgcaccgctt cgccgaaatg acgattgetg gaaggtgttg 4620 
- . -gctgatggtt- tgagcagtct. ctacagcagc gggttgacaa ttgactagaa cgagtatcat 4680 
cgegacttca- aggcctctca ccaggnactt cgcctgcetc gtcaeagecg ggagcacaag 4740 
aattactgga tacagtacaa gtacgattgg tccttggcta aaggtgatcc tccaattgcc 4800 
cctaacagct cggttgaagc agtctcagcc ctaccaacac cctcggccca gaagacccca 48 60 
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3 



caggagactt cccctgatca ggtatcgact accgttgctg agacagatct cgcgagccct 4920 
ccattgtcag aggttgccca aggtcatcgg gccaacggtg tcaaagtctg cacatcttcc 4980 
gtgtacgctg atgttggcfct gacgctgggt aagtacattc tggacaacta ccgcaccgac S040 
ttagagggtt atgcggtcga tgttcacggt actgaggtcc acaagccact tcttctcaaa 5100 
gaagacatga acggaacgcc ccaggctaca ccgttccgca tegaagtgcg atacccaatc 5160 
cagagcacca cggcgctgat gagcatctcc accactggcc ccaacggfcca gcacatcaag 5220 
cat'gctaact gcgaacttcg actcgagcat ccgtcgcaat gggaagcgga gtgggatcgc 5280 
caagcctacc tcatcaatcg cagcgtcaac tgccttctgc agcgatcagc acaaggtttg 5340 
gacagcatgt tggcaaccgg aatggtctac aaggtctcct cctccctcgt cgactatgcc S400 
gatggctaca agggtctgca ggaggttgtc ttgcacagcc aagagctcga gggcacagca 5460 
aaagcgegcc cccaaactcc ctcgggaggt ttcgtctgca atcccatgtg gattgacagc 5520 
tgtggtcaga cgaccggctt catgatgaac tgtcatcaga ctacgcccaa tgactacgcc 5580 
tacgccaatc afcggctggaa gtcgatgaga ttggccaagg cgttocgtga agatggtacc 564a 
tatcggactt atacccggac gaggcccatt gacagcacca agttcgctgg cgacttgcac 5700 
atccttgatg aggatgacac tgtggttggt gtttatggag acataacaat gagtaacacg 5760 
aatctttgtc* aacaacaatg ctaacgtaaa gaacagttcc aaggtttgce gcgaegagtt 582 0 
cccaacacag tcctgccatc * tgccaaegcg gttccagctg atgcccccat ggttcaagac 5880 
gacctcca 5888 

<210> 2 

*" <211> 5i57'— - - - — - - 

<212> DNA 

<213> Fusarium graminearum 
<400^ 2 

• v * : atgaccc*cat ' caatg'atgga ' ggtattcgtt fcttggggacc* aaagcacacg ctttgcccct 60 

*r fv. -' *^ccactig.aaagj;.acc tac "t : cc ty caaaggcaac agtcc t tact cgacaca t tgt taaacaa 120 
:i r \V*(f r gtccsi tccttgccgg .cagttcaaca' .gaagctfcfctc .180 ' Z " ' \ *' 

^--'^"fcc^aactt^ tccaagtcag attg^ggcag* tggtaac&ct: . 240-!* 

gctttgacaa 1 gcgctttagc atgcttttac catctttgca gtttcattca gtgagcaaca 300 
caaccaagta cccatagatc tctcctgacc atccagcctt ttacgatgga caaggtcgta 360 
• • - cctttccttc * ggagaacagf cgcattattg. gactttgcgt tggttcactc gccgctaccg 420 
~ctgccagttg- ctccacatca- ctgagtgaat tggtatcagc cggtgtagat gctgttcgtg 4B0 

* - ''tggcattgca-cgtcggaeta cgggtatggc gaactaccte ccttttcgat gtaccagaca 540 
■ - ggccctccgc cacfctggttc" ataattgtgc ccgaggcagc actaccaaga gaatctgcgc 600 

aagaccgact* tgactcattc- atcactaaaa cggtaagcaa ttctttgtcc ttggagctct 660 
cataaaacax'attcactctt etttagggac ttgctcgatc atcagttcct tacatcagct 720 
cggtcgcaca- teacaacatg accatcagtg gtccaccatc cgtcctcgaa aagctcattc 780 
acagtatacc *aacatcaccg aaagattctc ttccagcgcc gacctatgct ccgtaccacg 840 
ccagccatct ttacagcatg gatgatgtag acgaggtcct tagcctgtct gcaccttctc 900 
ttgcaccaga gcccatcatt ccactcattt caagcccctc gggtgacgag ttacagccac 960 
tcaagtatgc agaxctactc cgctgctgtg ttagtgatat gctcatacag ccactggatc 1020 
ccaccaaggt cteacaagca gtggcccagc ctctcgaggt tagctcatcfc acacgtgcca 1080 
taataaagcc tatagcaace agcgtctcca acagtt=tagt gtctgtttcg gagecgacgc 1140 
cagcagaacg afcgcgccgtg gacaacagca cggggcccaa agcctcgacc agccactcat 1200 
cagcagagac aca'aaecgag tcatcaagca agaactccaa aattgcgatt gccgctatgc 12 60 
ctggtcgctt tccagacgca gctgacttga gtgaactctg ggatcttctc tacgaaggtc 1320 
gcgatgttca tcgacaaatt ccegaggacc gattcaacgc agagctccat cacgacgcta 1380 
ctgggcgacg taagaacacc agcaaggtca tgaatggctg cttcatcaag gaaccaggac 1440 
tgttcgacgc caggttcctc aacatgtctc caaaggaagc cgagcagccg gaccctggcc 1500 
agcgaatggc ccccgaaaca gcttacgagg cgcttgagat ggccagtatc gtaccagaca 1560 
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gaacaccttc gacacagaga ga.tcgtgttg gtgtgttcta cggcatgact agcgatgatt 1620 
ggagagaggt caacagtggg cagaatgtcg acaettattt tattcctggt aagttgtttg 1680 
ttcgcgtttc acgacaatac tgactgcaga ctaeaggtgg caacagagcg ttcaetcctg 1740 
gtcgactcaa ccacttcttc aagttcagtg ggcctagcgc tagtgttgat acggcttgct 1800 
cctccagtct cgttggcttg cacttggctt gcaattccct ctggagaaat gattgcgata 1860 
cagctatxgc gggcggaacc aangtcatga ctaaccctga caacttcgct ggtttggace 1920 
gaggccactt. ectatctcaa gaaccggtaa gtctctcaca gatcttggaa gct'ccctccc 1980 
ttttsgtgtc txtactgacc ttgttccagg caactgcaac acctttgacg atggagcaga 2040 
cggatactgt cgagctgatg gcgtcggaac catcatcete aagcggcttg aggacgeega 2100 
agetgacaat gaccctactc tcggtgteat tctgggcgct tacacaaacc actcagccga 2160 
agcagtatcc atcactcgac caeatgecgg agctcaagag taeatcttct ccaaactcct 2220 
ccgtgagtcg ggcaccgatc cctacaacgt tagctacacc gagatgcacg gcacaggcac 2280 
tcaagccggc gacgcaaccg agatgacatc cgtcetcaag acgtttgctc etaecagcgg 2340 
cttcggcggt cgattgcctc aceaaaacct tcacttgggc tcagtcaagg ccaatgtcgg 2400 » 
geaeggtgaa tccgcatctg gnatcattgc tctgatcaag acgctgctta tgatggagaa 2460 
gaacatgatc ccgccgcatt gtggtatcaa gacaaagatc aateaccatt ctcetacgga 2520 

- tctcactcag. cgeaatgtcc atatcgccaa agttccgaca tcttggacaa gatcgggtca 2580 
agccaatcca cgcattgctt tcgtcaataa ettctctgcc gctggtggca actctgctgt 2640 

*. .cctactgcaa gacgctcctc agccatcggt agtttcggat gttaeagacc ctcgcacatc 2700 
' " ■ccatgt-tgto 'a'ctatgtccg- ctcgafccagc agattccctc aggaagaacc tegecaatct 2760 

• rcaaggagcbt ' gragaaggcc aaggt'gaccc- ggaggtcggc ttcccgagca agctgtccta 2820 
; cacaaccacc- gccaggcgca fcgcatcanca attccgagct fceggtcacag cacagactcg 2880 
* tgaacagctg' ctgaagggcc. ttgattccgc catcgaacgc caggatgtga agaggatccc 2940 

. . - -cgccgccgcg'-ccctictgtcg .gctttgtgtt tagcggecaa ggcgcccaat accgtggtat 3000 
• • gggcaaggag- tactttacat- ctttcacage cttccgctct gagatcatgt cttacgacag 3060 

• ^tarcg&c'caar'gcc'caaggcrt: '.-ccccgtcaat cctcceactg atccgaggag aggtggaagc 3120 
-'rc^tigact&tfJita*'^^ tgcct'geaga cggeaetgge *3l8b- *' 

— eaagGtafcgg*:aaLgtc^ gcttaggcca 3240* 

*■ ctatgctgc£-"t'fcacacgtcg. ctggtgttct gfcccgccaat gatacesattt: aeetcactgg 3300 
'c'atcagageg'cagctgctcg* .tggataagtg ccaggcagga acccactcaa tgctggcagt 3360 
\:gagggcatcc ttactacaga- tccaacagtt cctcgatgec aacattcacg aggttgcatg 3420 
fcgfecaatggt t'cacgagaag- tcgtcatcag tggaegegtt gccgacattg accagctggt 3480 

' tggcetctxg-teggctgaca acatcaaggc gacccgcgtc aaggtgccat . ttgccttcea 3540 

- ctcagcgcag gttgacccca. ttctctccga cttggataca gcggcgtcgc gcgtcacctt 3600 

• ccactccctc". cagattc'ctg ttctttgtgc ccttgacagc tctgtcatca gccctggaaa 3660 
ccatggtgtc 4 'attggtcccc tteatfctaca gcgacattgn cgtgagacag tcaaetttga 3720 

■ " gggcgetcta' catgctgegg agcacgagaa gatcatcaac aagacatcaa ctctatggat 3780 
cgagactggt 'ccccatgttg tctgctctac cttcctcaag tecagccttg gtccaagcac 3840 
acctgctatc gcategcttc gccgaaatga cgattgctgg aaggtgttgg ctgatggttt 3900 
gagcagtcte nacagcagcg ggttgacaat tgactagaac gagtatcatc gcgacttcaa 3960 
ggcctcfccac -caggtacttc gcctgccttg ttacagecgg gagcacaaga attactggat 4020 
acagtacaag' tacgattggt ccttggctaa aggtgatcct ccaattgccc ctaacagctc 4080 
ggttgaagca gtetcagctf tatcaacacc eteggtccag aagarcctac aggagactte 4140 
ccttgateag gcattgacta tcgttgctga gacagatctc gcgagccctc tattgtcaga 4200 
ggttgcccaa ggteatcggg tcaacggtgt eaaagtctgc acatcttccg tgcacgctga 4260 
tgttggcttg* acgctgggta agtacatttt ggacaactac cgcaccgact tagagggtta 4320 
tgcggtcgat gttcacggta ttgaggtcca caagccactt cttctcaaag aagacatgaa 4380 
cggaaegeee caggctacac egfctcegcat cgaagtgcga tacccaatcc agageaccac 4440 
ggcgctgatg* agcatctcca ccactggccc caacggtcag cacatcaagc atgctaactg 4500 
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cgaacttcga ctcgagcatc cgtcgcaatg ggaa]gcggag tgggatcgcc aagcctacct 4560 

catcaatcgc agcgtcaact gccttctgca gcgatcagca caaggtttgg acagcatgtt 4620 

ggcaaccgga atggtctaca aggtcctctc ctccctcgtc gactatgccg atggefcaeaa 4680 

gggtctgcag gaggttgtcf tgcacagcca agagctcgag ggcacagcaa aagtgcgctt 4740 

ccaaactccc tcgggaggtt tcgtctgcaa tcccatgtgg attgacagct gtggtcagac 4800 

gaccggcttc atgatgaact gtcatcagac tacgcccaat gaccacgtct acgtcaatca 4860 

tggctggaag tcgatgagat: tggceaaggc gttccgtgaa gatggtacct atcggactta 4920 

catccggatg aggcccattg atagcaccaa gttcgctggt gacttgtaca ttctxgatga 4980 

ggatgacact gtggttggtg tctatggaga cataacaatg agtaacacga atctttgtca 5040 

acaaeaatgc taacgtaaag aacagttcca aggtttgccg cgacgagctc tcaacacagc 5100 

cctgccatct gccaacgcgg ttccagttga tgctcccatg gttcaagacg acctcca 5157 

*210> 3 
<211> 291 

<213> Fusarium graminearuxn 

<220> 

«£221> CDS 

<222> (1)..(291) 

<400> 3 

atg acc'cca 'tca atg'atg gag gta ttc gtt ttt ggg gac caa age aca 48 
Met Thr Pro Ser -Met Met Glu Val Phe Val Phe Gly Asp Gin Ser Thr 
1 - 5 10 15 

-cgc" ttt<gcc- ccta'cca : c£g. aaa gac eta etc etc. aaa ggc aac agc,cct* 96 
rXrg:The^Alad'tfro- : P"fo- Eeu- Lys_Asp Leu Leu Leu Lys- Gl^ As^i Ser .Pro . 

tac ttg aca cat ttt gtt aaa caa gtt cac gca ctt ctt aga agg gag 144 
Tyr Leu Thr -His Phe" Val Lys Gin Val His Ala Leu Leu Arg Arg Glu* 
• 35 40 . 45 

ata tea* tec t'tg~ccg gca gtt- caa cag aag ctt ttc cca aac ttt gee 192 
lie Ser' Ser Leu* Pro" Ala Val Gin Gin Lys Leu Phe Pre Aan Phe Ala 

50 55 60 

v 

gac- at t cag gaa ctc-gtc tec aag tea gat tgg ggc agt ggt aac cct 240 
Asp lie Gin Glu Leu" Val Ser Lys Ser Asp Trp Gly Ser Gly Asn Pro 
65 * 70 75 80. 

get ttg aca age get eta gca tgc ttt tac cat ctt tgc agt ttc att 2 88 
Ala Leu Thr Ser Ala Leu Ala Cys Phe Tyr His Leu Cys Ser Phe lie 
85 90 95 



cag 
Gin 

<210> 4 
<211=> 97 
<212> PRT 

<213> Fusarium graminearum 



291 
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<400> 4 

Met Thr Pro Ser Met Met Glu Val Phe Val Phe Gly Asp Gin Ser Thr 
15 10 IS 

Arg Phe Ala Pro Pro Leu Lys Asp Leu Leu Leu Lys Gly Asn Ser Pro 
20 25 30 

Tyr Leu Thr His Phe Val Lys Gin Val His Ala Leu Leu Arg Arg Glu 
35 40 45 

He Ser Ser Leu Pro Ala Val Gin Gin Lys Leu Phe Pro Asn Phe Ala 
50 55 60 

Asp lie Gin Glu- Leu Val Ser Lys Ser Asp Trp Gly Ser Gly Asn Pro 
65 70 75 " B0 

Ala Leu Thr- Ser Ala -Leu Ala Cys Phe Tyr His Leu Cys Ser Phe lie 
•85 90 95 

Gin 



<:210=>* 5 • '» • 

<211> 300 

<212> DMA 

<213> Fusarium graminearum 
<220> 

<221> CDS -„:j. / - . t - ~ -.v- 1.. *":/- •- - • ■ ... 

<222> (1)..(300J ./ V! ' * T "/ -* "V 

<400>~ 5 

gcc- ttt tac : gat r gga-caa ggt cgt acc ttt cct teg gag aac agt cgc 48 

Ala* Phe* Tyr -Asp'Gly^Gln Gly Arg Thr Phe Pro Ser Glu Asn Ser Arg 
1 k 5 10 15 

att att gga ctt tgc'gtt ggt tea etc get get act get gtc agt tgc 96 
lie lie Gly- Leu- Cys- Val Gly Ser Leu Ala Ala Thr Ala Val Ser Cys 
. 20 25 30 v 

tec aca- tea. ctg" agt'gaa ttg gta tea get ggt gta gat get gtt cgt 144 
Ser Thr Ser Leu- Ser Glu Leu Val Ser Ala Gly Val Asp Ala Val Arg 
'-35 40 45 

gtg gca ttg cac gtc gga eta egg gta tgg cga act acc tec ctt ttc 192 
Val Ala Leu His Val" Gly Leu Arg Val Trp Arg Thr Thr Ser Leu Phe 
50 55 60 

gat gta cca gac'agg' ccc tec gee act tgg ttc ata att gtg ccc gag 240 
Asp Val Pro Asp Arg Pro Ser Ala Thr Trp Phe He lie Val Pro Glu 
65 70 75 80 

gca gta eta cca aga gaa tct gcg caa gac cga ctt gac tea ttc ate 288 
Ala Val Leu' Pro Arg Glu Ser Ala Gin Asp Arg Leu Asp Ser Phe lie 
85 90 95 
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att gaa atg gta 
lie Glu Met Val 
100 

<210> 6 
<:211> 100 
<212> PRT 

<213=> Fusarium graininearum 
<:400> 6 

Ala Phe Tyr Asp Gly Gin Gly 
1 5 

lie He Gly Leu Cys Val Gly 
20 

Sear Thr Ser Leu Ser Glu Leu 
35 

Val Ala Leu His Val Gly Leu 
SO 55 

Asp* Val~ Pro" Asp Arg--Pro Ser 
65 *70 

" Ala Val Leu' Pro'* Arg Glu Ser 
85 

He Glu Met Val 

<210> 7 ' ' ~ 
<211=> 984 
<212> DMA 

<213> Fusarium graminearum 

<220> 

<221> CDS 

<222> (1) . . (984) 

<400> 7 

gga ctt" get cga tea tea gtt 
Gly Leu Ala Arg Ser Ser Val 
1 - S 

aac atg ace ate agt ggt cca 
Asn Met Thr lie' Ser Giy Pro 
"20 . 

agt ata tea aca tea ccg aaa 
Ser He Ser * Thr Ser Pro Lys 
35 

ccg tac cac gec age cat ctt 
Pro Tyr His Ala Ser His Leu 
50 55 



tS^S00S/i0/90:.H92^ci 



300 



Arg Thr Phe Pro 
10 

Ser Leu Ala Ala 
2S 

Val Ser Ala Gly 
40 

Arg Val Trp Arg 



Ala Thr. Trp Phe 
75 

Ala Gin Aep Arg 
90 



Ser Glu Asn Ser Arg 
15 

Thr Ala Val Ser Cys 
30 

Val Asp Ala Val Arg 
45 

Thr Thr Ser Leu Phe 
60 

-He lie Val Pro Glu_ 

80 

Leu Asp Ser Phe He 
95 



cct tac ate age 
Pro Tyr He Ser 
10 

cca tec gtc etc 
Pro Ser Val Leu 
25 

gat tct ctt cca 
Asp Ser Leu Pro 
40 

tac age atg gat 
Tyx Ser Met Asp 



teg gtc gca cat cac 
Ser Val Ala His His 
15 

gaa aag ttc att cac 
Glu Lys Phe He His 
30 

gtg ccg ace tat get 
Val Pro He Tyr Ala 
45 

gat gta gac gag gtc 
Asp Val Asp Glu Val 
60 



48 



96 



144 



192 
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ctt age ctg cct gca cct tct ttt gca tea gag tec ate att cca etc 240 
Leu Ser Leu Sear Ala Pro Ser Phe ^la Ser Glu Ser lie lie Pro Leu 
65 70 75 80 

att tea age tec teg ggt gac gag eta cag cca etc aag tat gca gac 288 
He Ser Ser Ser Ser Gly Asp Glu Leu Gin Pro Leu Lys Tyr Ala Asp 

85' 90 95 

eta etc cgc tgc tgt gtt agt gat atg etc ata cag cca ctg gat ctt 336 
Leu Leu Arg Cys Cys Val Ser Asp Met Leu He Gin Pro Leu Asp Leu 
100 105 110 

ace aag gtc tea caa* gca gtg gec cag ett etc gag gtt age tea tct 
Thr Lys Val Ser Gin Ala Val Ala Gin Leu Leu Glu Val Ser Ser Ser, 
115 120 125 

aca cgt gee" ata- ata* aag cct" ata gca acc age gtc tec aac agt eta 
Thr Arg Ala -lie- He - Lys Pro lie Ala Thr Ser Val Ser Asn Ser Leu 
130 135 140 

gtg -tct gtt ttg- : gag- ccg acg eta gca gaa cga tgc gec gtg gac aac 
Val Ser- Val ; Leu Glu "Pro Thr Leu Ala Glu Arg Cys Ala Val Asp Asn 
145 1 ISO 155 160*' 

age atg ggg" ece aaa " gee teg acc age cac tea tea gca gag aca caa 528 
Ser Met Gly ; Pro* Lys- Ala Ser Thr Ser His Ser Ser Ala Glu Thr Gin 
-165 170 175 



384 



432 



480 



:z 2^eS&^ r ^'^ m ii^^^^9 B 9£S' m t.ce aaa att gcg .att .a$&. get ,atg_ ..tct . 
-r blu'Sfer 1 ' gW•'■sW 5 ^.ys•■ Asn- Ser Lys lie Ala lie Val Ala Met Ser 

• ■* 7 i'aO """" ' 185 * 190 



5.76- - 



ggt cgc" ttt"* cea gac gca get'* gac ttg agt gaa ttc tgg gat ctt etc 624 

Gly Arg- Phe -Pro- Asp- Ala Ala Asp Leu Ser Glu Phe Trp Asp Leu Leu 
195 200 205 

tac gaa* ggt cgc- gat-' gtt cat-'ega caa' att ce'e gag gac cga ttc aac 672 

Tyr Glu" Gly Arg : Asp Val His Arg Gin lie Pro Glu Asp Arg Phe Asn 
* 210 215 220 

gca gag etc cat' tac gac get act ggg cga cgt aag aac acc age aag 720 

Ala Glu Leu His Tyr - Asp Ala Thr Gly Arg Arg Lys Asn Thr Ser Lys 
225 230 235 240 

gtc atg aat ggc tgc tec ate aag gaa cca gga ctg ttc gac get agg 7 68 

Val Met Asn Gly Cys Phe He Lys Glu Pro Gly Leu Phe Asp Ala Arg 

• 2"45 • 250 255 

ttc tec aac acg' tct cca aag gaa get gag cag teg gat cct ggc cag 816 
Phe Phe Asn Met Ser Pro Lys Glu Ala Glu Gin Ser Asp Pro Gly Gin 
260 265 270 



cga atg gec etc gaa aca get tac gag gcg ctt gag atg get agt ate 
Arg Mec Ala Leu Glu Thr Ala Tyr Glu Ala Leu Glu Met Ala Ser He 
275 280 285 



864 
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gta cca gac aga aca cct teg aca cag aga gat cgt gtt ggt gtg ttc 912 
Val Pro Asp Arg Thr Pro Ser Thr Gin Arg Asp Arg Val Gly Val Phe 
290 295 300 

tac gge atg act age gat gat tgg aga gag gtc aac agt ggg cag aat 960 
Tyr Gly Met Thr Ser Asp Asp Trp Arg Glu Val Asn Ser Gly Gin Asn 
305 310 315 320 

gtc gac act tac ttt att cct ggt 984 
Val Asp Thr Tyr Phe He Pro Gly 
325 

<210> 8 

<211> 328 " „ 

<212> PRT 

<213> Fusarium graminearum 
<4Q0> 8 

Gly Leu .Ala Arg Ser Ser Val Pro Tyr He Ser Ser Val Ala His His 
15 10 IS 

.l- Asn -Met- Thr- -lie Ser Gly_Pro_ Pro Ser Val LeujSlu Lys Phe Ha His 
v 2Q 2S 30 

Ser- -lie Ser Thr Ser Pro Lys Asp Ser Leu Pro Val Pro lie Tyr Ala 
- 35 40 45 



. - -Pro Tyr His-AlaVSer His Leu Tyr Ser Met Asp Asp Val Asp Glu. Val - - 

- i-.-^SO . • ,.55;;. - . .-.-.-.-6a.. : .. .. . . • . 

m ^ijim^^^hi3^ : S1^7^s^Xa Ser .Phe Ala Ser Gl\i. Ser lie lie Pro. Leu . 

65 70 75 80 

lie Ser Ser Ser Ser Gly Asp Glu Leu Gin Pro Leu Lys Tyr Ala Asp 
85 90 95 

Leu Leu" Arg Cys* Cys Val Ser Asp Met Leu lie Gin Pro Leu Asp Leu 
1.100 105 110 

Thr Lys" Vai" Ser - Gin" Ala Val Ala Gin Leu Leu Glu Val Ser Ser Ser 
115 120 12S 

Thr- Arg- Ala He He- Lys Pro He Ala Thr Ser Val Ser Asn Ser Leu 
130 135 140 

Val Ser Val Leu Glu Pro Thr Leu Ala Glu Arg Cys Ala Val Asp Asn 
145 150 155 ISO 

Ser Met Gly- Pro Lys Ala Ser Thr Ser His Ser Ser Ala Glu Thr Gin 
165 170 175 

Thr Glu Ser Ser Ser Lys Asn Ser Lys He Ala He Val Ala Met Ser 
' 180 185 190 

Gly Arg Phe Pro Asp Ala Ala Asp Leu Ser Glu . Phe Trp Asp Leu Leu 
195 200 205 
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Tyr Glu Gly Arg Asp Val His Arg Gin He Pro Glu Asp Arg Phe Asn 
210 215 220 

Ala Glu Leu His Tyr Asp Ala Thr Gly Arg Arg Lys Asn Thr Ser Lys 
225 230 235 240 

Val Met Asn Gly Cys Phe He Lys Glu Pro Gly Leu Phe Asp Ala Arg 
245 250 255 

Phe Phe Asn Met Ser Pro Lys Glu Ala Glu Gin Ser Asp Pro Gly Gin 
260 265 270 

Arg Met Ala Leu Glu Thr Ala Tyr Glu Ala Leu Glu Met Ala Ser He 
275 280 285 

moo 

Val Pro .Asp Arg Thr Pro Ser Thr Gin Arg Asp Arg Val Gly Val Phe 
290 295 300 

Tyr Gly Met Thr* Ser- Asp Asp Trp Arg Glu Val Asn Ser Gly Gin Asn 
305 -310 315 320 

Val Asp Thr Tyr Phe lie Pro Gly 
325 

<210> 9 
<211> 2022 
<212> DNA 

<:213> Fusarium graminearum 
. <220>" a 

<:221> CDS.- - . y . ' : "-W-- V f-r ' *"* 

,: <~222»- <!).. ** (2022.) . \ ' \_ >.: !. 

<400> 9 

caa ctt* cgc "t'gg-ttt- gga ccg agg* cca ctt cct ate tea aga ace ggt 48 
Gin Leu Arg Trp Phe Gly Pro Arg Pro Leu Pro He Ser Arg Thr Gly 
1 • • 5 10 IS 

aag tct etc aca-gat-ctt gga age ttc cct ctt ttt age gtt ttt act 96 
Lys Ser Leu Thr Asp -Leu Gly Ser Phe Leu Leu Phe Ser Val Phe Thr 
- -20 % 25 30 

• gac'ett-'gtt- cca ggc aac tgc* aac acc ttt gac gat gga gca gac gga 144 
Asp Leu Val Pro Gly Asn Cys Asn Thr Phe Asp Asp Gly Ala Asp Gly 
35 40 45 

tac tgc cga get gac ggc gtc gga acc ate ate etc aag egg ctt gag 192 
Tyr Cys Arg Ala Asp Gly Val Gly Thr He He Leu Lys Arg Leu Glu 
50 55 60 

gac gee gaa get gac aat gac ccc att etc ggt gtc att ctg ggc get 240 
Asp Ala Glu Ala Asp Asn Asp Pro lie Leu Gly Val He Leu Gly Ala 
65 70 75 80 

tae aca aac cac tea gec gaa' gca gca ccc ate act cga cca cat gec 288 
Tyr Thr Asn His Ser Ala Glu Ala Val Ser He Thr Arg Pro His Ala 
85 90 95 
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gga get caa gag tac ate ttc tec aaa etc etc cgt gag teg ggc acc 336 
Gly Ala Gin Glu Tyr lie Phe Ser Lys Leu Leu Arg Glu Ser Gly Thr 
100 105 110 

gat ccc tac aac gtt age tac ate gag atg cac ggc aca ggc act caa 384 
Asp Pro Tyr Asn Val Ser Tyr. lie Glu Met His Gly Thr Gly Thr Gin 
115 120 125 

gee ggc gac gca acc gag atg aca tec gtc etc aag acg ttt get cct 432 
Ala Gly Asp Ala Thr Glu Met Thr Ser Val Leu Lys Thr Phe Ala Pro 
130 135 140 

acc age ggc ttc ggc ggt cga ttg cct cac caa aac ctt cac ttg ggt 480 
Thr Ser Gly Phe- Gly Gly Arg Leu Pro His Gin Asn Leu His Leu Gly 
145 150 15S 160 

tea gee aag r gee- aat . gtc ggg'.cac ggt gaa tec gca tct ggt ate att 528 
Ser Vali-Lys-'Ala Asn Val Gly His Gly Glu Ser Ala Ser Gly lie He 
165 170 175 

get ctg- ate* aag.acg-etg cfct atg atg gag aag aac atg ate ccg eeg 576 
Ala. Leu IlelLys Thr* Leu Leu Met Met Glu Lys Asn Met lie Pro Pro 
- 180 185 190 

cat tgf ggt 'ate; aag* aca aag" ate aat cac cat ttt cct acg gat etc 624 
HisCys- Gly--.XlecLys:-Thr Lys lie Asn His His Phe Pro Thr Asp Leu. 
..195 200 205 

..act:-cag:cgc:..aat^g.tc^;cat alLc^gcc aaa gtt ccg aca- tct tgg aca aga . 672 
i'Thr-VGln'Argl'Asri* Val^His He Ala Lys Val. Pro Thr Ser Trp Thr Arg 
- ■" £210" : 215-~--" — -«"*--' 22'0-* . 

tcg.ggt- caa: gec- aat- cca cge ate get ttc gtc aat aac ttc tct gec 720 
Ser. Gly -Gln:.Ala'Asn-.Pro Arg He Ala Phe Val Asn Asn Phe Ser Ala 
225 ■ 230 235 240 

get ggt-ggt. aac tct.gct gtc cca ctg caa gat get cct cag cca teg 768 
Ala- Gly.- Gly Asn* Ser -Ala Val Leu Leu Gin Asp Ala Pro Gin Pro Ser 
.245 3S0 255 

gta- gtt- teg- gat gtt aca gac cct cgc aca tec cat gtt gtc act atg 816 
Val* Val* Ser. Asp"" Val -.Thr Asp Pro Arg Thr Ser His Val Val Thr Met 
^260 265 270 

tec gef cga tea .gca gat tec etc agg aag aac etc gee aat etc aag 864 
Ser Ala Arg*Ser- Ala". Asp Ser Leu Arg Lys Asn Leu Ala Asn Leu Lys 
.275 280 285 

gag ctt gta gaa ggc caa ggf gac teg gag gtc ggc ttc ctg age aag 912 
Glu Leu Val Glu* Gly Gin Gly Asp Ser Glu Val Gly Phe Leu Ser Lys 
290 295 300 

ctg tec tac aca acc acc gee agg cgc atg cat cat caa ttc cga get 960 
Leu Ser Tyr -Thr Thr Thr Ala Arg Arg Met His His Gin Phe Arg Ala 
305 310 315 320 
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teg' gtc aca gca cag act cgt gaa cag ctg ctg aag ggc ctt gat tec 1008 
Ser Val Thr Ala Gin Thr Arg Glu Gin Leu Leu Lys Gly Leu Asp Ser 
325 330 33S 

gec att gaa cgc cag gat gtg aag agg ate ccc gec gec gcg ccc tct 1056 
Ala He Glu Arg Gin Asp Val Lys Arg lie Pro Ala Ala Ala Pro Ser 
340 ' 345 350 

gtc ggc ttt gtg ttt age ggc caa ggc gec caa tac cgt ggt atg ggc 1104 
Val Gly Phe Val Phe Ser Gly Gin Gly Ala Gin Tyr Arg Gly Met Gly 
355 360 365 



aag gag tac nut aca tct etc aca gec ttc cgc tct gag ate atg tct 
Lys Glu Tyr Phe Thr Ser Phe Thr Ala Phe Arg Ser Glu He Met Ser 
370 37 S 380° 

tac gac agt "ate gec caa gec caa ggc ttc ccg tea ate etc cca ctg 
Tyr Asp' Ser lie Ala Gin Ala Gin Gly Phe Pro Ser lie Leu Pro Leu 
38S 390 " 395 400 



sr.: 



gaa gtc gtc ate agt gga cgc gtt gec gac att gac cag ctg gtt ggc 
Glu Val Val lie Ser Gly Arg Val Ala Asp He Asp Gin Leu Val Gly 
515 520 525 



1152 



1200 



ate cga gga-gag gtg gaa get gac teg ttg agt cct gtt gag ate cag 1248 
He' Arg Gly Glu- Val- Glu Ala Asp Ser_ Leu Ser Pro Val Glu lie Gin 
405 410 415 

-ctg ggt- etc act tgc *ctg cag atg gca ctg gec aag eta tgg aag tea 1296 
Leu Gly Leu- Thr Cys- Leu Gin Met Ala Leu Ala Lys Leu Trp Lys Ser 
-4-20 425 430 

-;:ttc*;ggt-^t^ ttt - gtt ctc^gga cac_ agc~tta ggc.^cac m tat 1344 

-pfte^Gly^alT^ Leu Gly His Ser Leu Gly. His Tyr . . 

■ " ^4-35 ; " -"-440 •* \ -445 .- 

get get", tta "cac gtc get ggt' gtt ctg tec gee aat gat ace att tac 1392 
- Ala Ala Leu His Val - Ala Gly Val Leu Ser Ala Asn Asp Thr He Tyr 
450 455 460 

etc act -ggc ate aga gcg cag ctg etc gtg gat aag tgc cag gca gga 1440 
Leu Thr. Gly- He Arg Ala Gin Leu Leu Val Asp Lys Cys Gin Ala Gly 
465 v 470 475 480 

acc cac~tca*atg ctg* gca gtg agg gca tee tta eta cag ate caa cag 1488 
Thr His -Ser" Met Leu* Ala Val Arg Ala Ser Leu Leu Gin lie Gin Gin 
' 485 490 495 

ttc etc gat gee aae att cac gag gtt gca tgt gtc aat ggc tea cga 1536 
Phe Leu Asp* Ala Asn lie His Glu Val Ala Cys Val Asn Gly Ser Arg 
500 505 S10 



1584 



ctt ttg ccg get gac aae acc aag gcg acc cgc gtc aag gtg cca ttt 1632 
Leu Leu Ser Ala Asp Asn lie Lys Ala Thr Arg Val Lys Val Pro Phe 
530 S35 • 540 
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gcc tec cac tea gcg cag gtt gac ccc att etc tec gae ttg gac aca 1660 
Ala Phe His Ser Ala Gin Val Asp Pro lie Leu Ser Asp Leu Asp Thr 
545 550 555 560 

gcg gcg teg cgc gtc acc ttc cac tec etc cag. att cct gtt ctt tgt 1728 
Ala Ala Ser Arg Val Thr Phe His Ser Leu Gin lie Pro Val Leu Cys 
565 . 570 575" 

gcc ctt gac age tct gtc ate age cct gga aac cat ggt gtc att ggt 1776 
Ala Leu Asp Ser Ser Val He Ser Pro Gly Asn His Gly Val He Gly 
580 585 590 

ccc ctt* cat cca cag" cga cat tgt cgt gag aca gtc aac ttt gag ggt 1824 
Pro Leu His Leu* Gin Arg His Cys Arg Glu Thr Val Asn Phe Glu Gly 
595 600 605 

• get *cta- cat get gcg* gag cac gag aag acc ate aac aag aca tea act 1872 
Ala -Leu His Ala Ala Glu His Glu Lys He He Asn Lys Thr Ser Thr 

610 615 620 

• cta-tgg -atc- gag att" ggt ccc cat gtt gtc tgc tct acc ttc etc aag 1920 
'-teu--Trp- : Ile : -Glu--Ile*-Gly Pro His Val Val Cys Ser Thr Phe Leu Lys 

625 630 635 640 

tec -age ctt ggt cca age aca cct get ate gca teg ctt cgc cga aat 19 68 
Ser' Ser* Leu Gly Pro Ser Thr Pro Ala He Ala Ser Leu Arg Arg Asn 
645 650 : 655 

^gac^gat T ^^t^JSatf i g£g "ttg- get-' gat ' ggt ttg." age "agt etc ' tac age---* 2016... 

• Asp - ■Asp 1 " Cys" Tip" Lys~Val- "Leu Ala Asp Gly Leu' Ser Ser " Leu Tyr Ser* 



660 



665 



670' 



agc ggg 

Ser Gly ... 

<210> 10 
<211=> 674 
<212> PRT 

<213> Fusarium graminearuih 
<400> 10 

Gin.- Leu Arg Trp Phe Gly Pro Arg Pro Leu Pro He Ser Arg Thr Gly 
1 5 10 15 

Lys Ser Leu Thr Asp Leu Gly Ser Phe Leu Leu Phe Ser Val Phe Thr 
20 25 30 

Asp Leu Val Pro Gly Asn Cys Asn Thr Phe Asp Asp Gly Ala Asp Gly 
•35 40 45 

Tyr Cys Arg Ala Asp Gly Val Gly Thr He He Leu Lys Arg Leu Glu 
50 5S 60 

Asp Ala Glu Ala Asp Asn Asp Pro He Leu Gly Val He Leu Gly Ala 
65 70 7S 80 
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Tyr Thr Asn His Ser Ala Glu Ala Val Ser lie Thr Arg Pro His Ala 
8S 90 95 

Gly Ala Gin Glu Tyr Tie Phe Ser Lys Leu Leu Arg Glu Ser Gly Thr 
100 105 110 

Asp Pro Tyr Asn Val Ser Tyr lie Glu Met His Gly Thr Gly Thr Gin . 
115 120 125 

Aid Gly Asp Ala Thar Glu Het Thr Ser Val Leu Lys Thr Phe Ala Pro 
130 135 140 

Thr Ser Gly Phe Gly Gly Arg Leu Pro His Gin Asn Leu His Leu Gly 
145 B 150 JLS5 1.60 

Ser Val Lys - Ala Asn Val Gly His Gly Glu Ser Ala Ser Gly lie lie 
165 170 175 

Ala Leu lie LysTHrLeu Leu Met Met Glu Lys Asn Met He Pro Pro 
180 185 190 

His Cys Gly lie 'Lys -Thr Lys lie Asn His His Phe Pro Thr Asp Leu 
Z $9S 200 205 

Thr Gin Arg Asn r VaT : "His He Ala Lys Val Pro Thr Ser Trp Thr Arg 
210 215 220 

Ser' Gly G : In "Ala ; *Asn*'Pro .Arg He Ala Phe Val Asn Asn Phe Ser Ala 

225 . . ->2-30 .. . ~ 235- 24.0.* 



'^fa^Giy^Gly^^n^&Sae^Ala'Val Leu Leu- Gin Asp Ala ; Pro Gin Pr,o Ser \- 
-245 2S0 ' 255 

Val Val Ser Asp Val Thr Asp Pro Arg Thr Ser His Val Val Thr Met 
■"-2*60 2 65 270 

• Ser Ala : Arg~ Ser Ala Asp Ser Leu Arg Lys Asn Leu Ala Asn Leu Lys 
-275 t 280 ' 285 

Glu Leu Val -Glu " r Gly Gin Gly Asp Ser Glu Val Gly Phe Leu Ser Lys 
*290 295 300 

Leu Ser : Tyr Thr Thr Thr Ala Arg Arg Met His His Gin Phe Arg Ala 
305 310 315 320 

Ser Val* Thr -Ala Gin Thr Arg Glu Gin Leu Leu Lys Gly Leu Asp Ser 
'325 330 335 

Ala He Glu Arg Gin Asp Val Lys Arg He Pro Ala Ala Ala Pro Ser 
•340 345 350 

Val Gly Phe Val Phe Ser Gly Gin Gly Ala Gin Tyr Arg Gly Met Gly 
355 360 365 

Lys Glu Tyr Phe Thr Ser Phe Thr Ala Phe Arg Ser Glu He Met Ser 
370 375 3B0 
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Tyr Asp Ser lie Ala Gin Ala Gin Gly Phe Pro Ser lie Leu Pro Leu 
385 390 395 400 

lie Arg Gly Glu Val Glu Ala Asp Ser Leu Ser Pro Veil Glu lie Gin 
405 410 415 

Leu Gly Leu Thr Cys Leu Gin Met Ala Leu Ala Lys Leu Trp Lys Ser 
420 425 430 

Phe Gly Val Glu Pro Gly Phe Val Leu Gly His Ser Leu Gly His Tyr 
435 440 445 

Ala Ala Leu His Val Ala Gly Val Leu Ser Ala Asn Asp Thr He Tyr 
4S0 455 460 

Leu Thr Gly He Arg Ala Gin Leu Leu Val Asp Lys Cys Gin Ala Gly 
465 470 475 480 

Thr His Ser Met Leu Ala Val Arg Ala Ser Leu Leu Gin Xle Gin Gin 
485 490 495 

Phe Leu Asp Ala Asn He His Glu Val Ala Cys Val Asn Gly Ser Arg 
500 505 510 

Glu Val Val He Ser Gly Arg Val Ala Asp He Asp Gin Leu Val Gly 
515 520 525 

Leu Leu Ser Ala Asp Asn lie Lys Ala Thr Arg Val Lys Val Pro Phe 
530 535 540 

Ala Phe His Ser Ala Gin Val Asp Pro He Leu Ser Asp Leu Asp Thr 
545 550 555 560 

Ala Ala Ser Arg Val Thr Phe His Ser Leu Gin He Pro Val Leu Cys 
565 570 575 

Ala Leu Asp Ser Ser Val He Ser Pro Gly Asn His Gly Val He Gly 
580 585 590 

Pro Leu His Leu Gin Arg His Cys Arg Glu Thr Val Asn Phe Glu Gly 
595 600 605 

Ala Leu His Ala Ala Glu His Glu Lys He He Asn Lys Thr Ser Thr 
610 615 620 

Leu Trp He Glu He Gly Pro His Val Val Cys Ser Thr Phe Leu Lys 
625 630 635 640 

Ser Ser Leu Gly Pro Ser Thr Pro Ala He Ala Ser Leu Arg Arg Asn 
645 650 655 

Asp Asp Cys Trp Lys Val Leu Ala Asp Gly Leu Ser Ser Leu Tyr Ser 
660 665 670 

Ser Gly 
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<210> 11 
<211> 477 
<212> DNA 

<213^ Fusarium graminedrum 

<220> 

<221> CDS 

<222> (1) (477) 

<400> 11 

tgg STag cac ^ag aat tac tgg ata caig tac &ag tac gat tgg ccc ttg 48 

Trp Glu His Lys Asn Tyr Trp He Gin Tyr Lys Tyr Asp Trp Ser Leu 
15 10 15 

get aaa ggt gat cct cca att gec cct aac age teg gtt gaa gca gtc 96 
Ala Lys Gly Asp Pro Pro He Ala Pro Asn Ser Ser Val Glu Ala val 
20 25 30 

tea get tta tea aca ecc teg gtc cag aag att eta cag gag act tec 144 
Ser Ala Leu Ser Thr Pro Ser Val Gin Lys He Leu Gin Glu Thr Ser 
35 40 45 

ctt gat cag gta ttg act ate gtt get gag aca gat etc gcg age cct 192 
Leu Asp Gin val Leu Thr He Val Ala Glu Thr Asp Leu Ala Ser Pro 
50 55 60 

eta ttg tea gag gtt gee caa ggt cat egg gtc aac ggt gtc aaa gtc 240 
Leu Leu Ser Glu Val Ala Gin Gly His Arg Val Asn Gly Val Lys Val 
65 70 75 80 

tgc aca tct tec gtg tac get gat gtt ggc ttg acg ctg ggt aag tac - 288 
Cys Thr Ser Ser Val Tyr Ala Asp Val Gly Leu Thr Leu Gly Lys Tyr 
85 90 95 

att ttg gac aac tac cgc acc gac tta gag ggt tat gcg gtc gat gtt 336 
He Leu Asp Asn Tyr Arg Thr Asp Leu Glu Gly Tyr Ala Val Asp Val 
100 105 110 

cac ggt att gag gtc cac aag cca ctt ctt etc aaa gaa gac atg aac 384 
His Gly He Glu Val His Lys Pro Leu Leu Leu Lys Glu Asp Met Asn 
115 120 125 

gga acg ccc cag get aca ccg ttc cgc ate gaa gtg cga tac cca ate 432 
Gly Thr Pro Gin Ala Thr pro Phe Arg He Glu Val Arg Tyr Pro He 
130 135 140 

cag age acc acg gcg ctg atg age ate tec acc act ggc ccc aac 477 
Gin Ser Thr Thr Ala Leu Met Ser lie Ser Thr Thr Gly Pro Asn 
145 150 155 

<210> 12 
<211> 159 
<212> PRT 

<213> Fusariuro graminearum 
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<400> 12 

Trp Glu His Lys Asn Tyr Trp lie Gin Tyr Lys Tyr Asp Trp Ser Leu 
15 10 15 

Ala Lys Gly Asp Pro Pro lie Ala Pro Asn Ser Ser Val Glu Ala Val 
20 25 30 

Ser Ala Leu Ser Thr Pro Ser Val Gin Lys lie Leu Gin Glu Thr Ser 
35 40 45 

Leu Asp Gin Val Leu Thr lie Val Ala Glu Thr Asp Leu Ala Ser Pro 
50 55 60 

Leu Leu Ser Glu val Ala Gin Gly His Arg Val Asn Gly Val Lys Val 
65 70 75 80 

Cys Thr Ser Ser val Tyr Ala Asp Val Gly Leu Thr Leu Gly Lys Tyr 
85 90 95 

He Leu Asp Asn Tyr Arg Thr Asp Leu Glu Gly Tyr Ala Val Asp Val 
100 105 110 

His Gly He Glu Val His Lys Pro Leu Leu Leu Lys Glu Asp Met Asn 
115 120 125 

Gly Thr Pro Gin Ala Thr Pro Phe Arg He Glu Val Arg Tyr Pro lie 
130 135 140 

Gin Ser Thr Thr Ala Leu Met Ser He Ser Thr Thr Gly Pro Asn 
145 150 155 

<210> 13 
<211> 510 
<212> DNA 

<213> Fusarium graminearum 

<220> 

<22l> CDS 

<222> (1) . . (510) 

<400> 13 

tgc gaa ctfc cga etc gag cat ccg teg caa tgg gaa gcg gag tgg gat 48 

Cys Glu Leu Arg Leu Glu His Pro Ser Gin Trp Glu Ala Glu Trp Asp 
15 10 15 

cgc caa gec tac etc ate aat cgc age gtc aac tgc ctt ctg cag cga 96 
Arg Gin Ala Tyr Leu He Asn Arg Ser Val Asn Cys Leu Leu Gin Arg 
20 25 30 

tea gea caa ggt ttg gac age atg ttg gca acc gga atg gtc tac aag 144 
Ser Ala Gin Gly Leu Asp Ser Met Leu Ala Thr Gly Met Val Tyr Lys 
35 40 45 

gtc ttc tec tec etc gtc gac tat gec gat ggc tac aag ggt ctg cag 192 
Val Phe Ser Ser Leu Val Asp Tyr Ala Asp Gly Tyr Lys Gly Leu Gin 
50 55 60 
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gag gtt gtc ttg cac age caa gag etc gag ggc aca gca aaa gtg cgc 240 
Glu Val Val Leu His Ser Gin Glu Leu Glu Gly Thr Ala Lys V&l Arg 
65 70 75 80 

ttc caa act ccc fccg gga ggt ttc gtc tgc aat ccc atg tgg afcfc gac 288 
Phe Gin Thr Pro Ser Gly Gly Phe Val Cys Asn Pro Met Trp He Asp 
85 90 95 

age tgt ggt cag acg ace ggc ttc atg atg aae tgt cat cag act acg 336 
Ser Cys Gly Gin Thr Thr Gly Phe Met Met Asn Cys His Gin Thr Thr 
100 105 110 

* 0 » 4 

ccc aat gac tac gtc tac gtc aat cat ggc tgg aag teg atg aga ttg 384 
Pro Asn Asp Tyr Val Tyr Val Asn His Gly Trp Lys Ser Met Arg Leu 
115 120 125 

gec aag gcg ttc cgt gaa gat ggt acc tat egg act tat ate egg atg 432 
Ala Lys Ala Phe Arg Glu Asp Gly Thx Tyr Arg Thr Tyr lie Arg Met 
130 135 140 

agg ccc atfc gat age acc aag ttc get ggt gac ttg tac att etc gat 480 
Arg Pro lie Asp Ser Thr Lys Phe Ala Gly Asp Leu Tyr He Leu Asp 
145 150 155 160 

gag gat gac act gtg gtt ggt gtt tat gga 510 
Glu Asp Asp Thr Val Val Gly Val Tyr Gly 
165 170 

<210> 14 
<211> 170 
<212> PRT 

<213> Fusarium graminearum 
<400> 14 

Cys Glu Leu Arg Leu Glu His Pro Ser Gin Trp Glu Ala Glu Tr-p Asp 
15 10 15 

Arg Gin Ala Tyr Leu lie Asn Arg Ser val Asn Cys Leu Leu Gin Arg 
20 25 30 

Ser Ala Gin Gly Leu Asp Ser Met Leu Ala Thr Gly Met Val Tyr Lys 
35 40 45 

Val Phe Ser Ser Leu Val Asp Tyr Ala Asp Gly Tyr Lys Gly Leu Gin 
50 55 60 

Glu Val Val Leu His Ser Gin Glu Leu Glu Gly Thr Ala Lys Val Arg 
65 70 75 80 

Phe Gin Thr Pro Ser Gly Gly Phe Val Cys Asn Pro Met Trp lie Asp 
85 90 95 

Ser Cys Gly Gin Thr Thr Gly Phe Met Met Asn Cys His Gin Thr Thr 
100 105 110 
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Pro Asn Asp Tyr Val Tyr VaL Asn His Gly Trp Lys Ser Met Arg Leu 
115 120 125 

Ala Lys Ala Phe Arg Glu Asp Gly Thr Tyr Arg Thr Tyr lie Arg Met 
130 135 140 

Arg Pro lie Asp Ser Thr Lys Phe Ala Gly Asp Leu Tyr lie Leu Asp 
145 ISO 155 160 

Glu Asp Asp Thr val Val Gly Val Tyr Gly 
165 170 
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